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PUBLISHERS^ PREFACE. 

THE rapid extension of the use of Refrige- 
rating and Ice-making Machinery, in recent 
years, with the establishment in important 
centres of Cold Stores and Ice Factories, has led 
to the demand for a handy Pocket-Book which 
should contain in an accessible form such formulae, 
data, table's, and memoranda as are constantly re- 
quired by persons engaged or interested in the 
industries connected \vith ^^frigeratiop and Cold 
Storage. The present liitfe vjbluirie*. {which, since 
its first issue, has beerllFevrsc^ ar/d 'enlarged by the 
addition of fresh ma^te^jai^d diagrams) is designed 
to meet this demand. " ^ ^' - ^ ^ ^ • ' 

The contents of the Pocket-Book may be briefly 

described as comprising amongst other matter the 

subjects of Refrigeration (\tv om\X\tv€^\ ^OA.^v^^'?^^ 

Ice-making and the Stontvg oi \c^% Vv^^^"^"^ 



iv publishers' preface. 

the Testing and Management of Refrigerating 
Machinery ; General Tables and Memoranda, etc., 
etc. There is also a carefully prepared Index, 
whereby reference may readily be made to the 
information furnished upon any particular subject. 
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SECTION I. 
REFRIGERATION IN GENERAL. 

The Mechanical Theory of Heat. 

Heat pervades every substance known. Lord Armstrong 
said, "According to the new theory, heat is an internal 
motion of molecules, capable of being communicated from 
the molecules of one body to those of another ; the result 
of this imparted motion being either an increase of tempera- 
ture or the performance of work." The result of Joule's 
experiments was to demonstrate that under all circum- 
stances the quantity of heat generated by the same amount 
of force is fixed and invariable. Professor Clerk Maxwell 
was of the opinion that heat, considered with respect to 
its power of warming things and changing their state, is a 
quantity strictly capable of measurement, and not subject 
to any variation of quality or kind. 

The deductions to be arrived at on accepting this theory 
are, that if heat is a motion it must be an eternal one ; the 
generation of heat in any substance must be additional to 
the heat that has been already generated in it or transferred 
thereto; heat can be lost or done away with to a degree 
only, as it is always of uniform quality, and it follows 
therefore that its annihilation must in every case be a 
definite part of the entire amount, and cannot be a reduction 
in quality. 
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The rational conclusion to be come to from the above is 
that the reduction of temperature or cooling of any substance 
is simply the withdrawal or annihilation of a greater or 
lesser part of its own heat. 

Refrigeration may be defined as the art of reducing 
the temperature of any body, or of maintaining the said 
temperature below that of the atmosphere. 



Refrigerating Apparatus. 

Widely, refrigerating apparatus may be classed under two 
main heads, viz, chemical and mechanical. 

In the first, or apparatus working on the chemical system, 
the more or less rapid dissolution of a solid is utilised to 
abstract heat, and it is generally designated the liquefaction 
process. 

The second, or mechanical process, comprises apparatus 
operating on four different systems, viz. : cold-air machines, 
in which the air is first compressed, then cooled, and 
afterwards permitted to expand whilst doing work, that 
is to say, practically, by first applying heat to ultimately 
produce cold; vacuum machines, wherein the evaporation 
of a portion of the liquid to be cooled, assisted by the 
action of an air-pump, and of sulphuric acid, effects 
the abstraction of heat ; absorption machines, in which the 
abstraction of heat is effected by the evaporation of a 
separate refrigerating agent of a more or less volatile 
nature, under the direct action of heat, which agent again 
enters into solution with a liquid; and lastly, compression 
machines, wherein the abstraction of heat is effected by the 
evaporation of a separate refrigerating agent of a more or 
less volatile nature, which agent is subsequently restored to 
its original physical condition by mechanical compression 
and cooling. 

The Chemical or Liquefaction Process. 

During the change of the physical condition of a sub- 
stance, for instance, whilst it is passing from a solid to a 
JJguJd form, the cohesive force is overcome by energy in the 
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form of heat, and this may be brought about without change 
in sensible temperature, provided the heat be absorbed 
as fast as it is supplied from the exterior, as in the case 
of melting ice, the temperature of which remains constant 
at 32° Fahr,, any increase or decrease in the heat supplied 
simply hastening or retarding the rate of melting, but in 
no way affecting the temperature. Mixtures composed of 
some salts with water or acids, and of certain salts with 
ice, however, forming liquids . having freezing points lower 
than the original temperatures of the mixtures, act in a 
different manner, the tendency to pass into the liquid form 
being in this case so strong that a more rapid absorption 
of heat takes place than is capable of being supplied from 
without, and consequently a consumption takes place of 
the store of heat of the melting substances themselves. 
The natural result of this action is that the temperature 
of the latter falls, until such time as the rate of melting 
and the rate at which heat is supplied from the exterior 
become equalised. The degree to which the temperature 
can be lowered depends to a certain extent on the state 
of hydration of the salt and the percentage of it present in 
the mixture. The salts used in ordinary freezing mixtures 
are generally those of certain alkalies which almost ex- 
clusively possess the necessary degree of solubility at low 
temperatures, and the following table gives the mixtures 
usually employed : — 
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Table of Principal Freezing Mixtures. 



COMPOSITION OF FREEZING MIXTURES. 



Snow or pounded ice 2 parts ; muriate of soda i 
part 

Snow 5 ; muriate of sodium 2 ; muriate of am- 
monia I . . . . . . . . 

Snow 24 ; muriate of sodium 10 ; muriate of am- 
monia 5 ; nitrate of potash 5 

Snow 12 ; muriate of sodium 5 ; nitrate of am- 
monia 5 •• •• •••• •. 

Snow 4 ; muriate of lime 5 

Snow I ; chloride of sodium or common salt i . . 

Snow 2 ; muriate of lime crystallized 3 . . 

Snow 3 ; dilute sulphuric acid 2 . . 

Snow 3 ; hydrochloric acid 5 

Snow 7 ; dilute nitric acid 4 , , . • 

Snow 8 ; chloride of calcium 5 

Snow 2 ; chloride of calcium crystallized 3 , . 

Snow 3 ; potassium 4 

Snow 2 ; chloride of sodium I 

Snow 5 ; chloride of sodium 2 ; chloride of am- 
monia I 

Snow 14 ; chloride of sodium 10 ; chloride of am- 
monia 5 ; nitrate of potassium 5 

Snow 12 ; chloride of sodium 5 ; nitrate of am- 
monia 5 

Snow 2 ; ddlute sulphuric acid i ; dilute nitric 
acid I 

Snow 12 ; common salt 5 ; nitrate of ammonia 5 
Snow I ; muriate of Ume 3 . , . , , , 

Snow 8 ; dilute sulphuric acid 10 

Chloride of ammonia 5 ; nitrate of potassium 5 ; 

water 16 

Nitrate of ammonia i ; water I 

Chloride of ammonia 5 ; nitrate of potassium 5 ; 

sulphate of sodium 8 ; water 16 
Sulphate of sodium 5 ; dilute sulphuric acid 4 , . 
Sulphate of sodium 8 ; hydrochloric acid 9 
Nitrate of sodium 3 ; dilute nitric acid 2 
Nitrate of ammonia i ; carbonate of sodium i ; 

water i . . , , 

Sulphate of sodium 6 ; chloride of ammonia 4 ; 

nitrate of potassium 2 ; dilute nitric acid 4 . . 
phosphate of sodium 9 ; dilute nitric add 4 
Sulphate of sodium 6; nitrate of ammoma ^i 
dilute nitric add 4 V, 



Reduction of 

temperature in 

degrees Fahr. 



From 



+ 32 
+ 32 
+ 32 
+ 32 

+ 32 

+ 32 
+ 32 
+ 32 
+ 32 



— TO 
-18 
-40 

-68 

+ 50 
+ 50 

+ 50 
+ 50 
+ 50 
+ 50 

+ 50 



To 



- 5 

— 12 

-18 

-25 

-40 

o 

-50 
-23 
-27 

-30 
-40 

-50 
-51 

- 5 

— 12 
-18 
-25 



-56 
-25 

-73 
-91 

+ 4 
+ 4 

+ 4 

+ 3 

- o 

- 3 

- 7 



a c^ 
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COMPOSITION OF FREEZING MIXTURES. 
(Materials previously cooled.) 



Phosphate of sodium 5 ; nitrate of ammonia 3 ; 

dilute nitric acid 4 
Phosphate of sodium 3 ; nitrate of ammonia 2 ; 

dilute mixed acid 4 

Snow 3 ; muriate of lime 4 

Snow I ; muriate of lime crystallized 2 . . 

Snow 2 ; muriate of lime 3 

bnow 8 ; dilute sulphuric acid 3 ; dilute nitric 

acid 3 

Snow 3 ; dilute nitric acid 2 

Snow I ; dflute sulphtiric acid i 

Snow 2 ; muriate of lime crystallized 3 . . 
Snow 8 ; dilute sulphuric acid 10 



Reduction of 
temperature in 
degi CCS Fahr. 



From To 



-34 
+ 20 

o 
-15 

— 10 
o 

— 20 
-40 

-68 



-34 

-50 
-48 
-66 

-68 

-56 
-46 
-60 

-73 
-91 



5 eta 

n 



& 



34 

16 
68 
66 

53 

46 
46 
40 

33 
.23 



CoLD-AiR Machines. 

This class of machine is based upon one of the simplest 
principles of physics, that is to say, that the compression 
of air or other gas generates heat, and the subsequent 
expansion of this air or gas, cold. Mechanical work and 
heat being respectively convertible, it naturally follows that 
if air or other gas be caused to perform certain work on a 
piston during expansion, the performance of this work will 
cause its store of caloric to become exhausted to a degree 
equal to the thermal equivalent of the work done, the air 
or other gas after expansion being at a lower temperature 
than that at which it was before expansion ; that is, of course, 
provided always that no heat be supplied from any source 
to restore that so lost. 

Cold-air machines all operate on the same general 
principle (see diagram, Fig. i). The air is first com- 
pressed in a compressor, and the heat which is generated 
by this compression is removed by means of water, the 
cold air produced by expansion \it\tv^ ^m^o^^^ ^^'^ 
refrigeration. But there have beeiv ^^NtxA \iO\i^^ 
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improvements during the past few years, practically removing 
most of the old defects, which make them compare favour- 
ably, with machines using more or less volatile agents, 
Cole's "Arctic" Machine being one that embodies im- 
portant improvements. 

The cycle of operations may be a perfect or closed one 
when the same air is in constant circulation, or where it is 
desirable to have pure air in the storage chambers, the air 
is rejected after once passing through the cycle, and fresh 
air is admitted at each stroke of the compressor. 

Air machines, working at a comparatively low pressure, 
necessitate the compression and expansion cylinders being 
of a larger size than in compression machines using higher 
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Fig. I. — Diagram illustrating cold-air cj'cle. 

pressures, but the total actual space occupied is no more, 
as cold-air machines are generally self-contained, there 
being no additional apparatus required in the form of ex- 
pansion pipes, condensers, circulating pumps, etc., obviously, 
therefore, a simple, cold-air system, in which the defects 
of the old machines have been eliminated, has much to 
recommend it. 

In the early days of cold air it was considered a disad- 
vantage and uneconomical to reduce air to a very low 
temperature ; but these objections are now entirely overcome 
by the improved methods of making the cold-air ducts or 
trunking, by which the loss is reduced to a minimum, and 
/5 ^i/2205t inappreciable. 
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Vacuum Machines. 

Vacuum machines, together with absorption machines, 
compression machines, and binary, or dual, or mixed, 
absorption and compression machines, all come under the 
category of vaporisation machines, that is to say, of 
machines which practically utilise the heat of vaporisation 
for purposes of refrigeration. In a vacuum machine the 
refrigerating agent or medium is, as has been already 
stated, water, its volatilisation at a temperature sufficiently 
low being effected by the means of a vacuum pump, assisted 
by sulphuric acid, by which the vapours are absorbed as 
soon as they are formed, and in this manner rendering the 
action of the vacuum very effective. The sulphuric acid 
can be again concentrated for use, and so on ad infinitum. 



Absorption Machines. 

In its action the absorption machine resembles the 
vacuum machine, with this difference, however, that in- 
stead of water, some such liquid as anhydrous ammonia 
(NH3), capable of evaporating at a low temperature with- 
out the assistance of a vacuum, is employed as a refrigerat- 
ing agent or medium. Instead of sulphuric acid being 
employed to absorb the vapour, water is employed for that 
purpose, and from this water the vapour is again separated 
by distillation and is liquefied by the pressure which takes 
place in the still, and by the action of the condensing 
water. (See diagram, Fig. 2.) 

In this manner absorption machines can be operated 
continuously, the ammonia solution or aqtia ammonia being 
passed into a still or generator, usually heated by a steam 
coil or worm, and the ammonia vapour being conducted 
thence to a condenser in which it is cooled and becomes 
liquefied into anhydrous ammonia owing to the pressure 
due to its own accumulation. The anhydrous ammonia 
is kept in a liquid ammonia receiver, from which it passes 
to the coils of the refrigerator wherein it expands or 
evaporates, effecting an amount of refrigeration corre- 
sponding to its heat of vaporisation. After performing 
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this dutjj Ihe vapour enters the absorber and is there 
brought into contact with the weak solution of ammonia 
coming from the bottom of the still, and is reabsorbed 
by it with generation of heat, which latter is removed by 
the cooling water. Both the rich and cold solution of 
ammonia coming from the absorber and going to the still, 
as well as the poor and hot solution coming from Ihe still 




.— Diagram illustratini opcrati< 



and going to the absorber, are passed through a device 
called an interchanger, by which their temperatures are 
equalised.^ The rich ammonia solution is pumped from 
the absorber into the still or generator. 



The Compression Machine. 

Machines operating on the compression principle (see 
diagram, Fig. 3) utilise the latent heat of vaporisation of 
the substances having a low boiling point, and, whatever 
the refrigerating agent or medium that may be employed, 
they all practically act in the same manner; that is to say, 
the vapour or gas due to the expansion or vaporisation of 
the refrigerating agent or medium, in the refrigerating or 
expansion coils, passes into a compressor operated by any 
suitable power by which the gas or vapour is forced into the 
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coils of the condenser, asd is there liquefied by the aid of 
the cooling water; the liquid thus formed then enters a 
liquid receiver, from which it is allowed to pass to the 
refrigerating coils through an expansion or flash valve or 
cock, by which the desired regulation can be effected. It 
will be seen that the process is a continuous one, represent- 
ing a complete cycle of operations, inasmuch as the ope- 
rating agent or medium periodically returns to its primary 
condition in a way that will more or less approach reversi- 
bility in accordance with the method of working peculiar to 
each machine. 




£KfANSION VALVE 



Fic. J. — Diagram Dlusnaiing cycle wherein a voliijle iLc|uLd and compreswon are 

A perfect reversible compression system comprises the 
following changes, viz. : An isothermal change due to the 
vaporisation or gasification of the refrigerating agent or 
medium at the constant temperature of the refrigerator; 
an adiabatic change, caused hy the compression of the 
vapour or gas without the addition of heat; a second 
isothermal change, due to the condensation of the com- 
pressed gas or vapour at the constant temperature of the 
condenser; and, finally, a second adiabatic change, owing 
to the temperature of the liquid being reduced from that of 
the condenser to that of the refrigerator by a portion of the 
liquid being vaporised or gasified, and performing work by 
moving a piston, thus once more returning the refrigerating 
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medium or agent to its primary state, and thereby com- 
pleting the cycle. It is presumed that the above changes 
take place in such a manner that the transfers of heat 
follow infinitesimal variations in temperature only, and the 
changes in volume occur in connection with infinitesimal 
variations of pressure. The changes can be likewise carried . 
out in the obverse direction, the cycle being therefore a 
reversible one, and a refrigerating machine, which, it may 
here be observed, is the exact obverse to a heat engine, 
operated on this plan, will give as economical results as it 
is possible to obtain in practice. 

For this reason it has been observed by Professor J. E. 
Siebel that the heat H, removed by a refrigerating appara- 
tus operated strictly on the above-mentioned bases, has a 
certain and well-defined relation to the work or mechanical 
power, W, required to lift the same in the cycle of opera- 
tion. If, in a refrigerating machine so operated, t^ is the 
temperature of the condenser and /q the temperature of the 
refrigerator (Tj and T© designating the corresponding abso- 
lute temperatures), thermodynamics teach us that the follow- 
ing relations exist : — 

H /q -f 460 Ti 

W- A-/o -Ti-To 

Thermodynamically speaking, says the same authority, 
there should be no difference in economy on account of the 
nature of the circulating fluid if a perfect cycle of operation 
was carried out ; but practically, this is not done. In all 
compression machines, the fourth operation, the reduction 
of the temperature of the liquid while doing work, is not 
carried out, but the liquid is cooled at the expense of the 
refrigeration of the system. No work is attempted, as the 
amount obtainable would not be in proportion to the 
expense involved in procuring the same. 

The value of a circulating medium, it will be seen, is 
dependent upon its latent heat of vaporisation per pound, 
inasmuch as this quality governs its refrigerating eff*ect. 
Regarding the choice of the circulating medium or agent, 
therefore, the above point must be taken into considera- 
tion, as well as the fact that the size of the compressor 
depends on the number of cubic feet of vapour that must 
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be taken in to produce a ceitain amount of refrigeration, 
and that the strength of its parts will depend on the pressure 
of the circulating medium. Also that the loss of refrigera- 
tion, on account of cooling the liquid circulating mediura, 
depends on the specific heat of the liquid as compared 
tvilh the heat of volatilisation. 

From the following table it will be seen that with ammonia 
the loss due to the cooling of the liquid, as shown in percent- 
ages for every degree difference in temperature of condenser 
and refrigerator, is less than in the case of other liquids, and 
total refrigerating effect per pound of liquid is largest, thus 
readily accounting for the preference generally given to 
ammonia as the circulating medium or agent. The only 
advantage possessed by sulphurous acid is the lower pressure 
of its vapour, and that of carbonic acid the smaller size of 
compressor necessary; the loss due to heating of liquid is 
very large in tbe latter case. 



Table of Qualities of Principal Liquids employe: 
IN Refrigeration. — {Siebei.) 
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The Application of the Entropy, or Theta-fhi, 
Diagram to Refrigerating Machines. 

Entropy is the co-ordinate with the temperature of 
enei^, that is to say, length on a diagram, the area of 
which is energy in heat-units', and the height of which is 
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absolute temperature ; the abscissae being the quotients 
found by the division of the heut quantity by the absolute 
temperature. Absolute temperature is denoted by the 
Greek letter theta^ and entropy by the Greek letter phi^ 
hence the temperature-entropy diagram is generally called 
the theta-phi (^, <^) diagram. 

In the case of an indicator diagram the co-ordinates 
are pressure and volume, the work done per stroke in foot- 
pounds being represented by the area. The theta-phi 
diagram represents the heat units as converted into work 
per pound of the working fluid, the area representing a 
quantity of heat in heat units, the vertical ordinates absolute 
temperatures, and the horizontal ordinates the quantity 
known as entropy. The special applicability of entropy 
diagrams to refrigeration was pointed out in 1892 by an 
American engineer, Mr. George Richmond, and they have 
also been used by Professor Linde for a considerable time 
past. 

The following application of the entropy diagram to 
refrigerators is abstracted from a useful little work (to which 
the reader is referred for fuller information on the subject) 
by Henry A Golding, A.M.I.M.E., on "The Theta-phi 
Diagram," published by the Technical Publishing Co., 
Ltd., Manchester : " The cycle of operations in refrigerators 
is exactly the reverse of that in the Carnot hot-air engine. 
Instead of taking in heat at a high temperature tj, and 
transforming part of it into work, and rejecting the re- 
mainder at a lower temperature Tg, as in the heat-engine, 
the working substance in the refrigerator receives its heat 
at the lower temperature xa, and discharges it at a higher 
temperature tj, the extra energy required being obtained 
from external work done on the gas. The theoretically 
perfect cycle that is reversible is shown in Fig. 4 with 
pressure-volume ordinates, and in Fig. 5 with temperature- 
entropy ordinates. The first stage of the cycle, A to B, 
consists of the adiabatic expansion of a certain quantity 
of air, the temperature falling from tj to xg. From B to 
C the expansion is continued isothermally at constant 
temperature tj, the air receiving heat from the body which 
it is desired to cool, the amount of heat abstracted being 
equsii to the area EBCF (Fig. 5). Compression commences 
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at C, and is at first carried on adiabatically at constant 
entropy (or isentropically) from C to D, the temperature 
rising from xg to ti, and is finally completed by isothermal 
compression from D to A, at constant temperature t^ a 
quantity of heat being rejected to the water-jacket equal 
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Fig. 4. — Diagram showing Theoreti- 
cally Perfect Reversible Cycle, 
with Pressure Volume Ordinates. 
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Fig. 5.— Diagram showing Theoreti- 
cally Perfect Reversible Cycle, 
with Temperature-Entropy Ordi- 
nates. 



to FDAE. The heat expended in the process is the 
equivalent of the work done on the gas, and is equal to the 
area ABCD in both diagrams. The heat absorbed from 
the substance to be cooled is equal to the rectangle EBCF 
(Fig. 5), and the efficiency, therefore (in its thermodynamic 
sense), is equal to the ratio — 

EBCF To 



ABCD 



Ti — To 



It is thus seen clearly how the efficiency is increased by 
reducing the difference of temperature between ti and T2, 
and as the ratio — 



Ti -T2 



may sometimes be greater than unity, it is better known 
as " the coefficient of performance " (see Howard Lectures, 
by Professor Ewing, on " The Mechanical Production of 
Cold," Societ}' of Arts, 1897). 

The series of operations in air refrigerators with an open 
cycle is somewhat different, and is shown in Figs. 6 and 7. 



H 
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In this case the air is taken firjin the cold loom, and oom- 
presffcd adiabatically from A to R It is then cocHtd at 
constant pressure, the temperatnre falling froai B to C 
(I* ig, 7 ), and contracting in volame from B to C (Fig. 6), after 
which it is passed into the expansion cylinder, where it 
<!X[;an(ls adiabatically fh>m C to D, and is disdunged to 
tfie cold room again. The work done on the air in the 
cornfjression cylinder is equal to the area EBAF (Fig. 6), 
(ir OCHH (Fig. 7), and that done by the air in the expansion 
cylimlcr is equal to ECDF (Fig. 6), or GDAH (Fig. 7); so 
tfiiit ihc net external work required is the difference of these 
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Kim. r.. IMMymin «ti»wln(cf)MrationKin Fig. 7- — Bia^m shoiA-ine Operations in 
Alt Ki'diKorutorH with 0|>cn Cycle. Air Refngerators with Open Cycle. 

two c|iianlitics, represented by the area enclosed by ABCD 
in both (liagniniB. The efficiency of the process will be 
rcprcMcntcd by the ratio of the two areas — 

bill, riH AH and CM) are similar adiabatic curves, this will 
be equal to the ratio — 

EC FD 

Eli ^^ FA 

The following brief extracts from a paper on "The 
C'lieory and Practice of Mechanical Refrigeration," by 
tcnipcT. R. Murray, Wh.Sa, read before the Institution of 
it i.s (lejcers and Shipbuilders, Scotland, in December, 1897, 
cfjuiil to r/jf interest : — The entropy diagram (Fig. 8) shows an 
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example of an application to the cold-air cycle, the air 
being taken in at a temperature A of i8° Fahr., the 
temperature of the refrigeration chamber, and rejected at a 
temperature 4 of 70° Fahr., which is the temperature of the 
air after being cooled by tiie cooling water ; the tempera- 
ture at which the cold air is discharged into the chamber 
to be taken as — 85° Fahr., and the highest temperature to 
which it is heated in compression to be taken as 250° Fahr. 
Considering the machine to be theoretically perfect, then 






-nsz 

610- -ISO s 
-us;;; 
•)^o 100 *" ^ 

5io so 

HO- '^ 

-%s 

^tio- -SO 
■76* 
360- lOpG 




\//m//////////iii/i,j,. 



)''^' 



0'^ 



ui<i 



,'A'^" 



\ 



^J^^\^-^\N^yVVV^X\VV\N^.v^V^ 



C 

D 



Fig. 8.— -Entropy Diagram, showing Application to the Cold-air Cycle. 

the diagram ABCD is obtained, in which D to C is the rise 
of temperature of the air during compression from 18° Fahr. 
to 70° Fahr. ; CB represents the removal of heat in the 
cooler ; B to A represents the cooling in expansion cylinder ; 
and A to D, the collection of heat in the refrigerated 
chamber. The proportions of the areas ABCD and ADEF 
represent the proportion of work done to the refrigeration 
produced. The rectangle AE will be found to be 9*19 
times the rectangle BD. In the working cycle, where the 
air is raised to 250^ Fahr. in the compressor, tiiis will be 
rq>re8ented on the diagram by point H^ and the fall in 
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temperature during cooling by HB, The temperature 
being again lowered in expansion cylinder to —85° Fahr., is 
represented by the vertical line BG, and the collection of 
heat in the chamber by GD. The diagram of work is now 
BHDG, which is about 375 times the theoretical amount, 
and when compared with the refrigeration done, now repre- 
sented by area GDEF, gives an efficiency of only a little 
over 2. Losses by friction, moisture, etc., reduce this in 
practice to a little over |. 
Fig. 9 is an entropy diagram for i lb. of saturated 
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ammonia vapour, from the temperature of —40° Fahr. 
to +100° Fahr. FE is the basis line, the temperature at 
this point being absolute zero, - 460° Fahr. ; A, the absolute 
temperature at -40° Fahr. = 420° Fahr. = Tj.; B, the 
absolute temperature at, +100° Fahr, = 560° Fahr. = Tjj 
AD ^ the entropy at Tj ; and considering that a unit 
weight of ammonia, say i lb. is being dealt with, the length 
- 6o3'45 '_ 



AD can be determined by taking=; 



430 



= i"436. In 
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Fsame way, BC = =? _ 0-922. The point G has still to < 

be determined in order to find the position of point B. 
Considering, however, that DC represents the compression 
in compressor, CB the giving out of heat to the condenser, 
BA the expansion through the orifice of expansion valve, 
and AD the taking in of heat in the refrigerator, it will be 
understood that AG really represents the entropy of the 
liquid heat carried into the refrigerator ; and its length may 

be found by the expression AG = clog, --, where c = mean 

sific heat of liquid between Tj and Ta, A simpler 

- liquid 



By calculating these values for various temperatures 
between T, and T^, the points through which to draw the 
line BA are found. For ammonia it will be found to be 
practically a straight line, so that it is quite near enough to 
find the point B only and draw a straigiit line between A 
and B, By plotting as abscissa; the values of the entropy 
of the latent heat at same temperatures, the curve CD will 
be formed. 

Fig. 10 is an entropy diagram for 1 lb. of saturated carbonic 
acid vapour from the temperature of —40° Fahr. to +100° 
Fahr., the same construction also applying in this case, 
but the formation being a continuous curve with a rounded 
lop. To find the efficiency, by means of these diagrams, 
of a machine working with the same temperatures Ti and 
T, as taken with the cold-air cycle, and considering, in tlie 
first place, the cycle as being the Carnot or perfect one, 
compression and expansion will both be adiabatic, therefore 
they will be represented by vertical Hnes, and the giving up 
of heat to the condenser, as well as the collection of same 
in Ihe refrigerator, being isothermal, then will be shown as 
horizontal lines. Draw horizontals <7i^and de, and verticals ' 
, Then the area A //will represent the worl 

k compressor, and the area ^e the refrigeralion done. 
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These equal respectively I'd X T^ - T„ and be X Ti. 
efficiency will therefore = ^r-jT/x"^"!") ^ ^'^^ ^^ ^ 




^^^t 



considering how nearly the actual working cycle 
roaches the above in practice, it must first be remembered 



tiiat the cooling agent simply circulates in pipes through 
die chambers being cooled, and must of necessity be colder 
in Older to secure a transference of heat. The difference in 
temperature depends on the cooling surface, or length of 




piping, as compared with the cubic capacity of the chamber, 
and may be in practice from lo" to 25° Fahr. Suppose that 
^owance be made for a difference of 18° Fahr., then the 
lower temperature Ti will correspond to 0° Fahr. Again, the 
working cycle falls away from the Cavnot c^c\ft \i\ T^iai, Vk.wi^ 
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reversible, owing to expansion taking place through a small 
orifice instead of by means of an expansion cylinder. Thus 
the liquid carries a certain amount of heat into the re- 
frigerator, which goes to heat up the expanded gas, render- 
ing part of it unavailable for refrigeration. The amount of 
this liquid heat varies for each agent, and the entropy 
diagrams. Figs, ii and 12, to a larger scale, show the working 
cycle in each case. In these, the areas agb represent the 
additional work that the use of an expansion cycle would 
have obviated The heat which ought to have been spent 
in producing this work is carried by the liquid into the 
refrigerator, and this therefore falls to be deducted from the 
refrigeration done, so that the latter is now represented by 
the area ^1 h efiy being less than before by the rectangle gfi, 
which is equal to area agb. 

Comparative Efficiency of Refrigerating Machines. 

Professor Ewing estimates the efficiency of the absorp- 
tion machine at from two and a half to three times that of 
the cold-air machine, and the efficiency of the vapour- 
compression machine at from five to six times that of the 
cold -air machine, and from two and a half to three times 
that of the absorption machine. 

In comparing one system with another, the theoretical 
values obtained at the machines are not sufficient, as the 
combined losses in piping, brine cooling, circulating pumps, 
fans, and any other auxiliary apparatus, must be con- 
sidered, and only the actual net useful duty performed 
taken into account. And further, an amount must be 
added to the capital interest in a plant for recharging with 
gas (except air machines), including incidentals such as 
calcium chloride and other items necessary to the system. 

Refrigerating machines, to be efficient, must be efficient 
when working in hot weather or tropical climates. Some 
systems fall off considerably when the cooling water is 
about 60° Fahr., and the atmosphere above 70^ Fahr., and 
in some the cost of working is so high under tropical con- 
ditions as to render their use almost prohibitive. The cold- 
air system does not fall off in the same ratio, and for many 
purposes is the most economical. All the losses under 
this system are in the machine, as the air after leaving the 
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machine does not pass through any secondary process, but 
is conducted ditMt to the storage or cooling chamber 
without the use of brine, circulation pumps, fans, etc. 

Ratio of Pressure of SOj, NHj, and COi- 
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Results of Test Experiments with Cold-air 

Machines. 
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Effective Cooling Power obtainable from the ex- 
penditure OF ONE POUND OF StEAM IN THEORETI- 
CALLY Perfect Machines — {Tuxmis^HammericK's Cat.) 

Ammonia by the absorption 

system. Thermal Units 294 equal to 24 lbs. of ice per lb. 

of coal consumed. 
Carbonic Anhydride ... 652 equal to 26 lbs. of ice per lb. 

of coal consumed. 
Ammonia by the compres- 
sion system 978 equal to 40 lbs. of ice per lb. 

of coal consumed. 



♦ ** Proceedings, Manchester Society of Engineers," 1894. 
t Prof. Schroeter, *♦ Untersuchungen an Kaeltemaschieren Ver- 
schiedener Systeme," 1881. 
i A. J. WaUis-Tayler, A.M.I.C.E., 1902. 
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Tests of Ammonia and Carbonic Acid Machines. 

(.SekroeUr, Experimental Refrigerating Station, Munich, Germany. 
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The Production of very Low Temperatures. 

The idea of self-intensive refrigeration, or the regenera- 
tive process, seems to have occurred to Siemens, Coleman, 
Solway, and others many years ago, the first-named having 
applied for a patent in Germany for such a process as 
long ago as 1857; and in 1885 the latter patented a similar 
device and made an apparatus by means of which, how- 
ever, he was only able to obtain a temperature as low as 
— 140° Fahr., and was not successful in liquefying air. 
The first perfect self-intensive refrigerating methods are 
due to Professor Linde and Dr. William Hampson, 

The methods primarily employed for the production of 
intense cold were arranged to operate upon what is known 
as the cascade system ; that is to say, carbonic acid, methyl 
chloride, nitrous oxide, or any other gas capable of being 
easily liquefied, is first compressed by a pump, then cooled 
by water, and finally allowed to pass through a contracted 
orifice or expansion valve, at lower pressure and reduced to 
a temperature of, say for instance —110° Fahr., and back 
again to the compression pump, — in fact, a precisely similar 
cycle to that of the ammonia compression machine. The 
low temperature liquid and vapour thus produced then 
performs a second cycle, taking the place which water takes 
in the first, and is used to effect the cooling and condensa- 
tion of a gas of a more volatile nature, such as ethylene, 
which latter, on passing the orifice or expansion valve, 
liquefies and vaporises at a still lower temperature, of, say, 
about —155° Fahr., the exact degree varying according 
to the pressure maintained on the suction side of the 
compressor pump. By the ethylene, compressed air or 
oxygen is cooled in a like manner, and the pressure of the 
liquid air or oxygen being reduced by passing through an 
expansion valve, becomes partly vaporised by its own heat, 
that portion remaining a liquid under atmospheric pressure 
being reduced to the boiling point of air. 

In the self-intensive, or regenerative, method of producing 
very low temperatures, only one circuit of gas is required, 
viz. that of the air to be liquefied. This air, starting at 
an ordinary temperature, with the assistance of only water 
as a refrigerant, lowers by degrees its own temperature of 
expansion, by returning over the coU§ of compressed gas 
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in the above-mentioned manner, until it reaches the boiling ■ 
poiat of air, the liquid then commencing to collect at the 
piessure of the atmosphere. 

The improved apparatus of Dr. Haropson is founded 
en the well-known fact that any gas, when expanding 
iiirough a small aperture, will perform such work upon 
itself as to effect a reduction of temperature, and this 
effect with air, although not large, is still appreciable. 
The whole of the gas expanded is used to lower, to a small 
extent, the temperature of the gas passing to the expansion 
aperture. This results in the gas expanded being somewhat 
lower in temperature than that previously expanded, and con- 
sequently the succeeding gas is cooled to a further reduced 
temperature, proceeding thus until the gas attains such a tem- 
perature that it commences to liquefy, or until such time as 
the removal of the heat within the apparatus becomes counter- 
balanced by the access of heat from the exterior thereof 

The apparatus employed is mainly composed of a series 
o£ lon^ well-insulated, fine copper coils, through which the 
gas passes to the expansion valve, the arrangement being 
auch that the expanded gas has to flow over the entire 
enemal surface of the coils before being removed, so as to 
abstract as much heat as practicable from the entering gas. 







Capacity of Refrigerating Machines. 
jerating machines are rated in two ways, viz. ice- 
capacity, or tons of ice iViey ^\\\ ^loiMtife to Qt^a 



26 REFRIGERATION AND ICE-MAKING. 

day of twenty-four hours ; and refrigerating capacity, or 
cooling work done by one ton of ice melting per day of 
twenty-four hours. Roughly, the first or ice-making 
capacity of a machine may be taken to be about one-haB' 
of the refrigerating capacity. This, however, is only an 
approximation, as the tons of ice a refrigerating machine 
is capable of making depends upon the initial temperature 
of the water to be frozen. The unit of capacity is one ton 
of ice made from water at 32° Fahr. into ice at 32° Fahr. 
per day, which, according to practice here, is equal to 318,080 
lbs. of water cooled one degree, or to 318,080 heat units or 
thermal units ; and, according to American practice, is equal 
to 284,000 lbs. of water cooled one degree, or 284,000 heat 
units or thermal units; and this is the tonnage basis for 
refrigerating capacity as well as for ice-making capacity 
when ice is made from water at 32° Fahr. The differ- 
ence between English and American practice is due to 
2240 lbs. being taken to the ton in the former, and 2000 
lbs. in the latter case. 

The real ice-making capacity of a machine is dependent 
upon the temperature of the water to be frozen, and is 
calculated as follows : i lb. of ice in melting into water 
at 32° Fahr. will take up 142 positive units of heat, it 
follows, therefore, that water at 32° Fahr. will require 142 
negative units of heat to make it into ice. Say that if the 
water to be frozen, for instance, be at a temperature of 72° 
Fahr., it must first be cooled down to 32° Fahr. before 
freezing commences; therefore 72°— 32° = 40° -f- 142 = 
182 heat units per pound of, water frozen. Ice made 
artificially is usually much below 32° Fahr., as the tempera- 
ture of the bath in which it is made ranges about 20** 
below freezing point, and consequently this work has also 
to be added. Taking into account the specific heat of ice, 
this additional negative heat approximately equals 10 units, 

which added to 182 = 192; therefore ^— lS? = 'jyg6^, 

or nearly 74 per cent, tons of ice made per ton refrigerating 
capacity. For greater accuracy, allowances must also be 
njdde for losses by ice tank and can exposure, wastage, 
thawing out of mouldsy etc., etc. 
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Approximate Allowances per Ton Capacity to re 
made when selecting a machine for refriger- 
ATING Purposes. — {Triuinph Ice Machine Company,) 

Beer wort : 15 barrels per ton on Baudelot cooler. 
One thousand gallons of sweet water per ton from 70° to 
40*^. Six beeves, 600 to 700 lbs. each, per ton. Ten to 
twenty hogs, per ton. One thousand cubic feet of space 
per ton for small machines up to 2 tons. Four thousand 
cubic feet of space per ton for machine from 10 to 15 tons. 
Ten thousand cubic feet of space per ton for larger 
machines used for general purposes. 

The above will serve as a guide, but it must be borne in 
mind that the climate, construction, and exposure of 
buildings that are to be refrigerated, character of the 
insulation, management and method of handling work, 
all have to be taken into consideration. (See also Section 
on Cold Storage.) 

Condensers. 

On the efficiency of the condenser largely depends the 
economical working of the machine. Condensers are of 
two kinds or classes, viz. the submerged and the open air, or 
atmospheric, the latter being the more economical in the 
matter of cooling water, but occupying the larger amount 
of space. 

According to Professor Siebel, under average conditions 
(incoming condenser water 70®, and outgoing condenser water 
80% more or less), for each ton of refrigerating capacity (or 
for one half-ton of ice-making capacity) 40 square feet of 
condenser surface, corresponding to 64 running feet of 2-inch 
pipe, and to 90 running feet of ij-inch pipe, will be re- 
quired in a submerged condenser. The amount of cooling 
water used varies from 3 to 7 gallons per minute per ton 
ice- making capacity in twenty-four hours. The pipe 
required in an open air condenser is 40 square feet per ton 
of refrigerating capacity (or for one half-ton of ice-making 
capacity), equivalent to 64 running feet of 2 -inch pipe, or 
90 running feet of i~inch pipe. The amount of cooling 
water used is about 50 per cent less than with condensers 
of the submerged type. 
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Double pipe condensers are made which are claimed to 
possess the best qualities of both submerged and open air 
condensers. This condenser consists of a coil made up 
with one pipe inside another of larger diameter, the cooling 
water circulating through the internal pipe, and the com- 
pressed gas in the annular space or clearance between the 
two pipes. The gas is thus exposed to the action of both 
cooling water and the atmosphere. 



Evaporation of Liquids.— (Z/^-ft^/.) 



Liquid or gas. 


Water. 


Anhydrous 
Ammonia. 


Sul- 
phuric 
ether. 


Mythylic 
ether. 


Sulphur 
diox- 
ide. 


Pictet* 
liquidi. . 




Specific gravity of\ 








^ 








vapour, compared > 


0-622 


0-59 


2*24 


f6i 


2*24 


— 


with air=i-ooo ) 


















Fahr. 


Fahr. 


Fahr. 


Fahr. 


Fahr. 


Fah«-* 


» 


Boiling point at ^ 












1 


atmospheric pres- 


212° 


-37-3° 


96° 


-10*5 


14® 


-2*«^ 


sure . 














Latent heat of vapor- ) 














isation at atmos- > 


966 


900 


165 


473 


182 


- 


pheric pressure . ) 












J 




Fahr. 


lbs. 


lbs. 


lbs. 


lbs. 


lbs. 


lbs. / 


lbs. 
tem- 


- 40' 


— 


19*4 


— 


12*0 


5*7 


1^6 1 




o° 


— 


30-0 


1*5 


187 


9-8 


15-4 






+ 2QP 


— 


01*5 


2*6 


28- 1 


i6*9 


22*0 




msio 
liffer 


+ 32° 


0*089 


3-6 


360 


22*7 


27*0 




+ 40* 


0*122 


73-0 


4-5 


42-5 


27-3 


31-3 




S15 


+ 60° 
+ 80' 


0*254 
0-503 


io8*o 

152-4 
210*6 


7*2 
iO'9 


6i*o 
86*1 


41*4 
6o*2 


44-0 
6o*o 




1-3 


100° 


0*942 
1*685 


16*2 


ii8*o 


84-5 


79-1 




5 J 


120° 


283*7 


23-5 


mmm^m 


II7S 


90-7 




" 2 . 


140* 


2*879 




33*5 


— 


— 


— 




lis 

lis 


4731 


— 


45'^ 
62*0 





— 


— 




180° 


7*5" 


— 





— 


— 




'5 *" rt 


200* 


11*526 


— 


8i*8 





— 


— 


a; 0) 
ex. a* 


212® 


14*7 


— 


96*0 


— — 


— 


"^ 1 
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Table showing Pressure and Boiling Point of some 
OF THE Liquids available for Use in Refriger- 
ating Machines. — (Ledoux,) 



Tension of Vapour, in pounds per square inch, above 

Zero. 



Sulphuric 
iitber. 



Sulphur 
Dioxide. 



Ammonia. *^*>I- 



Carbonic 
Acid. 



PIctet 
l-luid. 



(2) 


(3) 


(4) 





— 


10-22 







13*23 





5*56 


16-95 




7*23 


21-51 


1*30 


9-27 


27-04 


1-70 


1176 


3367 


2-19 


1475 


41*58 


279 


18-31 


50-91 


3*55 


22-53 


61-85 


4*45 


27-48 


74*55 


5*54 


33-26 


89-21 


6-84 


39*93 


105-99 


8-38 


47-62 


125-08 


1019 


5639 


146 64 


12-31 


66-37 


170-83 


14-76 


77*64 


197*83 


'7*59 


90-32 


227-76 



(5) 



ii'i5 

13-85 
17-06 

20-84 

25-27 
30*41 
36-34 
43-13 
50-84 

59-56 

69*35 
80-28 

92-41 



(6^ 



251-6 
292-9 

340-1 
393*4 
453*4 
520-4 
594-8 
676-9 
766-9 
8649 

971T 
1085-6 
1207-9 



— 1338"! 



(7) 



13-5 
16-2 

J9-3 
22-9 

26-9 

31-2 

36-2 

41-7 

48-1 

55-b 
04-1 

73*2 
82-0 



Table of Specific Gravities and Percentage of 

Ammonia. — ( Carius,) 



De^ees 
Beaum^. 


Specific 
Gravity. 


Perce!htage. 


Degrees 
Beanme. 


Specific 1 ,, 

Gravity. I't-rcentage. 


10 
II 
12 

13 

14 

15 
16 

17 

18 

19 
20 


I-OOO 

0-9929 

0-9859 

0979 
0-9722 

0*9655 
0-9589 
0-9523 
0*9459 
0*9395 

0-9333 



1-8 

3*3 
50 

6*7 

8-4 

100 

11-9 

13*7 
15*5 
17*4 


21 
22 

23 

24 

26* 

27 
28 

29 
30 

• • 


09271 
921 

0-915 
0-909 

09032 

0-8974 
0-8917 

0-886 

0-8805 

0-875 

• • 


19*4 
21-4 

234 

253 

27-7 
30-1 

32-5 
35-2 

• « 

•• 

1 



* Known by the trade as 29^ per cent. 
NoTB.— The specific gravity of pure anhydrous ammonia is '623. 
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OF Ammonia in Water at Diffeb 
Temperatures. — (Sims.) 



"^^^ 


Sb.otNHj 


Volume of NHs 
"at Wa™ 


"fST" 


Id 1 lb. of 
V/Ua. 


'"J' 


32-0 


0-899 


1,180 


125-6 


0274 




3S<> 




8S3 




129-5 




265 




39' 2 




8Q9 


1,062 


13J-8 




25b 




42-8 




r6s 


1,00; 


'36'4 




247 




46-4 




7H 


95' 


i40'o 




^38 




So-o 




68i 


898 


'43'& 








syi' 




646 


848 


147-2 








57-2 




611 


!02 


1508 








6o8 




578 


759 


154-4 








64-4 




546 




158-0 




194 




68o 




5i« 


683 


T61-6 




186 




71-6 




490 


643 


165-2 




178 




75'2 




467 


6'3 


168-8 








lis 




446 


585 


172-4 




162 




k'-t 




4!6 


559 


ir6-o 




'54 








408 


53I' 


179-6 




,46 




89-2 




393 


5 '6 


183-2 




138 




932 




378 


496 


1868 




'30 




96-8 




363 


478 


190-4 




122 




100'4 




3S0 


459 


194-0 




114 




I04'0 




338 


444 


197-fi 




106 




107-6 




3»6 


iii 






098 








31S 


414 


204-8 




090 




114-8 




303 


399 


J08-4 




082 




118-4 




J94 


386 








laj-o 


0-2B4 


373 









The Forecooler. 
This is a supplementary condenser, through wh 
compressed ammonia passes before reaching the m 
denser, and cooled by the overflow water from th 
If composed of one coil, it should be the same siz 
chaise pipe from compressor; if of a number of c 
manifold pipe, and the aggregate area openings ( 
pipe^ should be equal to that of the dtscharge pipe 
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Solubility of Auuonia in Water at Different 

Temperatures and Pressures. — (Sims.) 

I lb. of water (also unit volume) absorbs the following 

quantities of ammonia :— 



MadloU 


3.' 


P 


68= F. 


.04° F. 


..,= F. 1 














rnlb., ~ 


















paiq.io. 


bs. 


vol.. 


lb.. 


vols. 


lb.. 


vol!. 


gnns. 


vols. 


14-67 


899 


I-i8o 


0-518 


0683 


0-338 


0'143 


0074 


0-97 


iS-44 


937 


1-231 


OS3S 




703 


0-349 


0-4S8 


0-078 






16-41 


980 


1-287 


°SS6 




730 


0-363 


0-475 


0-083 




109 


17-37 ' 


029 


•■35' 


D-S74 




754 


0-378 


0-496 


0-088 




'■5 


,8-34 > 


077 


1-4.4 


0-S94 




781 


0-391 


0-S13 


0-092 






19-30 ' 


136 


'-478 


0-D13 




Bo: 


0404 


0-S31 


0-096 




126 


20-a7 I 


177 


'■546 


0-632 





K30 


0-414 


0'5<13 






13* 


11-23 ' 


236 


i-f'S 


0-651 




855 


0-425 


0-558 


0-106 




'39 


irig I 


iS3 


I-bSs 


0-669 




8;8 


0-434 




0-no 





140 


iyt6 1 


I& 


I -754 


0-685 




894 


o'44S 


0-584 


o-iis 




151 


34-13 I 


1-2, 


0-704 




lit 


"■454 


0-596 






157 


25-09 I 


442 


1-894 


0-722 




0-463 


0-609 


0-125 




164 


zti-06 1 


496 


l-9fiS 


0-741 




973 


0-472 


0-61C) 


0-130 




170 


27-02 I 


549 


2-034 


0'76i 




999 


0-47Q 


06=9 


0-135 


0-177 


2J-99 1 


655 


2-105 


Q-780 




023 


0-486 


ObT,S 






78-95 ' 


i-'7S 


Q-tOI 




052 


0493 


0-64; 






30-8§ . 


JS« 


2-309 


0-842 




106 




0.67I 






32-8t 1 


861 


2-444 


0-881 




'57 


o- 30 


0-696 






34-74 I 


966 


2 '582 


0-919 




207 


0- 47 








36-67 2 




271S 


o'9;s 




=54 


0- 65 


0-742 






38-60 






0-992 


1-302 


0- 79 


0-764 






40'53 










0- 94 


0-780 







Solubility of Ammonia in Water at Different 
Temperatures. — {Roscoe. ) 















2:Esr 


FSk^^i.. 




!5E 


fS^S^/i.. 




p 


33-0 


0-875 


8 


464 


0713 












0679 


i 




0-792 




53-6 






0-75I 


"4 


57-* 
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Solubility of Ammonia in Water at Different 
Temperatures. — {Roscoe,) ( Continued,) 







Ibs.of 






lbs. of 


Degrees 
Celsius. 


Degrees 


NH,to 


Degrees 


Degrrees 


NHjto 


Fahrenheit. 


z lb. of 


Celsius. 


Fahrenheit. 


I lb. of 






Water. 






Water. 


16 


6o-8 


0-582 


3^ 


96-8 


0-343 


18 


64-4 


0554 


38 


100-4 


0-324 


20 


680 


0*526 


40 


1040 


0-307 


22 


71-6 


0-499 


42 


107-6 


0-290 


24 


75-2 


0-474 


44 


III-2 


0275 


26 


78-8 


0449 


46 


114-8 


0-259 


28 


82-4 


0-426 


48 


1 18-4 


0-244 


30 


860 


0-403 


50 


I22-0 


0229 


32 


89-6 


0-382 


52 


125-6 


0-214 


34 


932 


0-362 


54 


129-2 


0-200 








56 


132-8 


0-186 



Strength of Liquor Ammonla. 



Percentage of 

Ammonia by 

Weight. 


Specific Gravity. 


Degrees Beaume, 
Water, 10. 





I-OOO 


lO-O 


2 


0-986 


12-0 


4 


0979 


13-0 


6 


0-972 


140 


8 


0-966 


15-0 


10 


0-960 


160 


12 


0-9S3 


I7-I 


14 


o'945 


i8-3 


16 


0-938 


19-5 


18 


0-931 


20*7 


20 


0925 


21*7 


22 


0-9C9 


22-8 


24 


0-913 


23-9 


26 


0-907 
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REFRIGERATION IN GENERAL. 4 1 

c, OF Anhydrous Ammonia from Ammonia 
Solutions. - 
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Temperatures to which Ammonia Gas is raised 
BY Compression. 
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Temperatures to which Ammonia Gas is raise 

Compression. — {Cantinutd. ) 
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ABSOLUIE SUCTION PRESSUl 
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Temperatures to which Ammonia Gas is raised by 
Compression. — {Continued,) 
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The Analyser. 

The analyser is placed in upper part of still or generator 
of absorption machine, and serves as a dehydrator, also 
increasing temperature of rich liquor from 150° to 170°, at 
which it arrives, to about 200^. 

The device consists essentially of superimposed shelves 
down which the rich ammonia liquor is delivered and over 
which it trickles, whilst the heated vapour from generator 
passes over them in an upward direction. In this manner 
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Volume of Ammonia Gas at High Tempebutuses 

— (Hedwood.) 
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ics. 10 and 30.— Diagrams showing Cirven of Lateni Heat of VBporialI[ 
each SalDiated Vapour), and Curves of AtsoluuPrEKuic foi Saturated^ 
of MH3, SOj, and C0», from -40" Co +100° Fabr. i lb. each Si 
■•f-jtiar—iJUumi^, iHtl. E«tri. aiui SAifM/dm, SitlUad, 1897.) 
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REFRIGERATION AND ICE-MAKING. 



No. 

of 

Test. 



Useful Efficiency of Ammonia. 

(Denton and Schroeter.) 



Temperature in 

Degrees Fahr. 

Corresponding to 

Pressure of Vapour, 



See Melting Capacity per Pound of Coal, 

assuming Three Pounds per Hour per 

Horse-power. 



Con- 
denser. 



Suction. 



Theoretical 
Friction • 
included. 



Actual. 



Per Cent. Los 

due to Cylindc 
Super-heatini 



I 

2 

3 

4 
24 

26 

25 



72-3 


26*6 


70-5 


14-3 


69-2 


0*5 


68-5 


II-8 


84-2 


15-0 


827 


-3-2 


84-6 


-10-8 



50-4 

37*6 

29*4 
22-8 

27-4 

21*6 

i8-8 



40*6 
30*0 

22'0 
l6-I 
24*2 

175 

I4'S 



19-4 

20-2 
25*2 

29*4 
JI7 

I9'0 

22*9 



* Friction taken at figures observed in the tests, which range frc 
14 per cent, to 20 per cent, of the work of the steam cylinder. 



Liquid Receiver, 

This is a vessel placed between the condenser and tl 
expansion valve to receive and store the liquefied ammoni 
The dimensions of the liquid receiver should be sufficie 
to hold about \ gallon for each ton of refrigerating capaci 
in 24 hours. The liquid receiver also serves as an addition 
oil trap. If, as is sometimes the case, the liquid receiv 
is intended to act as a storage vessel for all the charge 
liquefiable ammonia in the plant in case of repairs, etc 
it should be provided with valves, which should not 1 
closed when the receiver is over two-thirds full. Preferab 
the receiver should be made large enough to contain twi< 
the charge of ammonia to avoid explosions. The receiv 
is provided with oil and liquid gauges. 
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Useful Efficiency of Sijlphur Dioxide. 

{Schroeler,} 



Nd. 
of 
Te«. 


Tempwatur 
FahrVcorce. 
i'teijure 


fvS" 


Ice Mclrin, C.pacity jH-r Pound of 

Coal, assumiue Thr»: Pounds per Hour 

perHorK-puwer. 




Suction. 


indSd^ 


ActuJ. 




'3 




!8-S 
144 

-15'9 


4:-3 
31-2 


33-1 
24T 


23-9 
392 




Flo si.—Diiigisiii giving; Efficiency Curves of a Perfect RerrigeraiinE Machine at 
Various Limits of ■rtinptralure.-(*i.™./, liut. iT £Hir,. a^id SMfhiildm, 
Stutlaiid. 1S97.) 
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The following particulars regarding an ether machii 
are given * by Mr. Lightfoot as being the result of actu^= 
experiments made in this country, and serving to show wh^= 
may be expected under ordinary conditions : — 

Production of ice per twenty-four hours . . 15 tons. 

„ „ per hour . . . . . . 1,400 lbs. 

Heat abstracted in ice-making, per hour . . 245,000 units ** 
Indicated horse-power in steam cylinder, 

excluding that required for circulating the 

cooling water and for working cranes, etc. 83 I. H. P. 

Indicated horse-power in ether pump . . 46 J I.H.P. 
Thermal equivalent of work in ether pump, 

per hour 119,261 units** 

Ratio of work in pump to work in ice-making I to 2 '05 

Temperature of water entering condenser 52*^ Fahr. 

Mr. Frederick Colyer, C.E., M.I.C.E., states t that he 
obtained the following results with a first-class apparatus 
when testing the working of some of the leading ethef 
machines, viz. : "In an ether machine made by Messrs* 
Siebe, Gorman and Co., capable of cooling 3,200 gallons 
of water from 60° down to 50°, or abstracting 320,000 heat 
units** per hour, the average experiments gave 4,250 gal- 
lons per hour cooled to 10° Fahr. The temperature of the 
water at the inlet was 54°, and that of the water used for 
condensing purposes was the same. The maximum cooling 
effected was 449,437 heat units** abstracted per hour, 
being from 35 to 40 per cent, above the nominal power of 
the machine. The condensing water used per hour was 
1,262 gallons, or about 3-ioths of a gallon for every gallon 
of water cooled The coal consumed was 3^ cwts. per 
hour; it was of indiflferent quality, or the consumption 
would have been smaller. The steam cylinder was 2 1 in. 
diameter and 27 in. stroke; the air-pump 24 in. diameter 
and 27 in. stroke. The speed of the engine was 58 revo- 
lutions per minute, with 48 lbs. of steam cut oflf at one- 
third of the stroke. The indicated power of the engine 
was 53 horse-power, and of the air-pump 29*2 horse-power. 
The boiler was 7 ft. diameter and 24 ft long, and gave an 
ample supply of steam." 

* ^'Proceedings, Institution of Mechanical Engineers," 1B86, p. 214. 
** A thermal unit is that amount of heat required to raise the tem- 
perature of I lb, of water 1° by the Fahr. scale when at 39'4**» 
f "Proceedings, Institution of Mechaa\ciXT£.xi©xi^«»? \^S^)^«a4iS« 
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Efficiency of Ether Machines. 

Output of 1$ tons of ice in twenty-four hours. Ab- 
straction of heat per hour, 245,000 RT.U. Indicated 
horse-power of engine, 83 ; of which 46 I.H.P. was used 
for the ether compressor, balance in pumping water, work- 
ing cranesy fnctioui etc Temperature of cooUng water, 52°. 
Ice production, about 8*3 tons of ice per ton of coal 
consumed. 

Pictet's Liquid. 



Temperature 


Pressure 

(Absolute) 

in Atmospheres. 


Temperature 
Degrees Fahr. 


Pressure 

(Absolute) 

in Atmospheres. 


-22 


077 


50 


2-55 


-13 


0-89 


50 


2-98 


-4 


098 


68 


3-40 


-2'2 


1*00 


77 


3-92 


5 


i-i8 


86 


4-45 


14 


1*34 


95 


5-05 


23 


I'tX) 


104 


5*72 


32 


1-83 


"3 


6-30 


4* 


2 -20 


122 


6-86 



Formula for calculating the Amount of Air de- 
livered PER Hour by Cold-air Machines, when 
the Revolutions and the Size of the Compres- 
sors ARE known. 

{ffaslam^s Catalogue of ^* Ice-making and Refrigerating Machimry,^^) 

AxNX2RxSx6o 



Air discharged per hour = 



1728 



XC 



Where A = area of each compressor, in inches. 
N SI number of compressors. 
2R = strokes per minute (or twice the revolutions). 
60 = minutes per hour. 
S =: stroke in inches. 
1728 = cubic inches in one foot. 

C s= &ctor of efficiency which is taken as o'8 for 
short strokes, and o'&$ foiVyck^^xxOi^^v 



SECTION II. 

COLD STORAGE. 

Cold storage may be defined as the preservation of perish- 
able articles by keeping them in rooms or chambers 
maintained constantly at a low temperature by refrigeration ; 
and refrigeration may be defined as the maintenance of any 
place at a lower temperature than that of the atmosphere. 

A most important point in the construction of a cold 
store is the insulation, and it is almost superfluous to 
observe that the aim is to render this latter as perfect 
as possible, so as to afford as great a protection as is 
practicable against the escape of the cold air from the 
interior and the transmission of heat from the exterior. 

The refrigeration of cold stores may be carried out on 
the brine circulation system, the direct expansion system, 
and the air-blast system. In the first, refrigerated or 
cooled brine is circulated through cooling pipes, or their 
equivalent, arranged in the cold store ; and in the second 
the ammonia or refrigerating medium is allowed to expand 
direct in the above pipes. In the third, or air-blast 
system, air reduced to a low temperature by passing it 
over cooled pipes or surfaces, or by means of a cold-ajr 
machine, is admitted to the store. 

The dimensions of cold stores vary, from that of a few 
cubic feet space, such as those in private houses, hotels, 
butchers' shops, etc, up to those of several millions of 
cubic feet. In the case of a large store it is found most 
advantageous to arrange for the delivery of goods to or 
from the store to take place from the highest part of the 
hu'Mmg, as by this means greater obstacles are offered 
^o the transmission of heat from lYi^ exXmox V> \3cl^ vDLtedor 
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of the Store, and also to the escape of the cold air there- 
from, which latter, owing to its being heavier than the sur- 
rounding atmosphere, and to its consequent tendency to 
sink to the lowest level, will not escape from above, whilst 
it does so readily from any open aperture at a lower level. 



Amount of Refrigeration required. 

The refrigeration required will be governed by the size 
of the store, the amount of and frequency with which the 
goods are brought into the store and removed from it, 
the temperature of the goods, and their specific heat, the 
mean external temperature, the greater or lesser perfection 
of the insulation, and various other matters, which render 
it totally impossible to lay down any hard-and-fast rules. 

A very usual practice is to provide i foot run of 2 -inch 
pipe for every 7 cubic feet of space contained in the store, 
but sometimes the proportion used is as much as one 
to five, whilst again it is occasionally reduced to one to 
twelve. For refrigerating meat, in which case it is not 
desirable to cool the exterior too rapidly before the interior 
has had time to cool to a certain extent, the best proportion 
to employ is one to ten. 



Amount of Refrigerating Pipes necessary for 
Chilling, Storage, and Freezing Chambers. 

Chiiling-rooms or Chambers^ refrigerated on the direct 
expansion system, i ft. run of 2-in. piping for each 14 c. ft. 
of space; on the brine-circulation system, i ft. run of 2-in. 
piping for each 8 c. ft. of space. 

Freezing-rooms or Chambers^ refrigerated on the direct 
expansion system, i ft. run of 2-in. piping for each 8 c. ft. 
of space; on the brine-circulation system, i ft. run for 
each 3 c ft. of space. 

Storage-rooms or Chambers, refrigerated on the direct 
expansion system, i ft. run of 2-in. piping for each 45 c. ft. 
of space ; on the brine-circulation system, i ft run of 2-in. i 
piping for each 15 c. ft. of space. | 
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The following table gives the Extreme Limits o 
Cubic Feet of Space per running foot of 2-inc 
PIPING. — American Fractice. 

Breweries — Medium insulation. 

Chip and Stock Rooms 

Fermenting and Settling Rooms . . 

Packing Rooms 

Hop Rooms 

Packing House. 

Chill Rooms for Beef 

Hogs 

Freezing Rooms 
Cold Storage. 

Cold Storage Rooms 

Cold Storage House and Freezing Rooms . . 

For Eggs, brine preferred 

Cold Storage 

Ice Storage 
Fish Freezing (Direct Expansion) 




I to 22 




^ » 


20 




* »> 


18 




^ » 


25 




I » 


12 




^ >» 


10 




^ » 


6 or 


7 


^ >> 


25 or 


30 


' »» 


8 




* » 


12 




^ >> 


25 




^ >» 


20 




* »» 


2 





The following five tables are given by Prof . SiehelintJSp^^ 
*' Compend of Mechanical Refrigeration.^^ 

Lineal feet of i-inch piping required per cubic foo^t 

of Cold Storage Space. 



c -tif w 


• 

a 



temperature, degrees fahr 


• 




(4 










•22.^ S 


"S 














^•s-Ss 


in 


0**. 


10°. 


20°. 


3o^ 


40°. 


5o»- 


«u e 


t-i 














100 


Excellent. 


3-0 


1 

' 178 


0-48 


0-36 


0-24 


0-15 




Poor. 


b-o 


1-50 


0*90 '1 0-66 


0-48 


0*30 


1,000 


Excellent. 


i-o 


1 0*26 


o*i6 ' 0*I2 


0'o8 


0-05 




Poor. 


2-0 


i 0*50 


0-30 j 0-22 


o*i6 


O'lO 


10,000 


Excellent. 


o-6i 


' o-i6 


O'lo 0*075 


0-055 


0*035 




Poor. 


1*2 


! o*33 


0'20 1*15 


O'll 


0*07 


30,000 


Excellent. 


05 


0-13 


o-o8 1 o*o6 


0*040 


0*025 / 




Poor. 


I'O 


0*25 


0-15 oil 


003 


0*05 / 


100,000 


Excellent. 


0-38 


; O'lO 


006 0-045 


003 


0*009 1 




Poor. 


075 


! 0*20 


0*I2 


0*09 


o*o6 


o*oi8 f 



Note. — The above quantities of pipe refer to direct expansion, and 
should be made one and one-half times to twice the length for brine 
circulation. To find the corresponding lengths of i^-inch pipe, divide 
by 1*25 or multiply by o*8 ; of 2-inch pipe divide by i'o8, or multiply 
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numbeit of cubic feet covered by one foot of i -inch 

Iron Pipe. 




a 
o 



:3 

CM 

a 



TEMPERATURE, DEGREES FAHR. 



o*». 



10°. 



20''. so". . 40° 



50° 



Excellent. 


0-3 


1*3 


2*1 


2-8 


4-2 


70 


Poor. 


015 


07 


1*1 


1*5 


2-1 


3*5 


Excellent. 


I'O 


4-0 


6-0 


8-4 


12*4 


20-0 


Poor. 


o*5 


20 


3*2 


4*5 


6-2 


100 


Excellent. 


17 


6*o 


lO-O 


13-0 


i8-o 


280 


Poor. 


0-85 


3*o 


S'o 


6-.S 


9*o 


14-0 


Excellent. 


2'0 


8-0 


14*0 


i8'0 


25-0 


40-0 


Poor. 


i-o 


4-0 


7-0 


9*o 


13-0 


20-0 


Excellent. 


2*6 


lO-O 


17*0 


22-0 


33-0 


IIO-O 


Poor. 


1*3 


S'O 


8-5 


II'O 


17-0 


55-0 



^OTE. — The above figures refer to direct expansion, from one-half to 
^o-thirds of the spaces only would be covered by the same amount of 
PU>€ in case of brine circulation. To find the corresponding amounts 
^*^ cnbic feet of space which would be covered by one lineal foot of 
5i-in. pipe, multiply by 1*25 or divide by o*8 ; of 2-in. pipe, multiply 
^ I'oS or divide by 0-55. 



Dumber of cubic feet covered by i-ton Refrigerat- 
ing Capacity for 24 hours. 






temperature, degrees fahr. 




40^= 



50^= 



1 

100 Excellent. 


150 


600 


800 


1000 


1600 


3000 




Poor. 


70 


300 


400 


600 


900 


2000 


1,000 


Excellent. 


500 


2500 


3000 


4000 


6000 


12000 




Poor. 


250 


1500 


1800 


2500 


5000 


lOOOO 


10,000 


Excellent. 


700 


3000 


4000 


6000 


9000 


18000 




Poor. 


300 


1800 


2500 


3500 


7000 


14000 


30,000 ' Excellent. 


1000 


5000 


6000 


8000 


13000 


25000 


; Poor. 


500 


3000 


3500 


5000 


1 1000 


20000 


100,000 


Excellent. 
Poor. 


1500 
800 


7500 
4500 


9000 
5000 


14000 
8000 


20000 
16000 


40000 

35000 
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*^^Xjgh Estimate of Refrigeration in Breweries. 

-A. ready method of obtaining a rough estimate in tons of 
the amount of refrigeration required in a brewery is to 
divide the capacity of the brewery in barrels by 4. 



Refrigerating Capacity in B.T.U. Required per 
Cubic Foot of Storage Room in Twenty-four 
Hours. 



a ** to 

ttU0 



a 
o 



CO 

a 



temperature, degrees fahr. 



0°. 



10°. 



20°. 



30° 



40° 



50° 



100 

1,000 

10,000 

30,000 

100,000 



Excellent. 

Poor. 
Excellent. 

Poor. 
Excellent. 

Poor. 
Excellent. 

Poor. 
Excellent. 

Poor. 



1,800 


« 

480 


360 


284 


180 


4,000 


960 


480 


470 


330 


550 


no 


95 


70 


47 


1,100 


190 


1^5 


no 


55 


400 


?5 


70 


^7 


30 


900 


160 


no 


81 


40 


280 


55 


V 


35 


22 


550 


95 


81 


55 


26 


190 


?^ 


30 


20 


\t 


350 


63 


55 


35 



95 
140 

24 
28 

16 

20 

II 

14 

7 
4 



Variation in Capacity, etc., of a Refrigerating 

Machine. 

The following diagram (Fig. 22) and table (on page 75), 
showing the variation in capacity, etc., of a refrigerating 
nachine, and the economy of direct expansion, is drawn 
ip by the De La Vergne Company : — 
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"Rtquired of a Refrigtraling Machine.— (^ La fc. 



In the above diagram the line marked "capacity of 
machine " shows the diminished capacity as the back pres- 
sure is reduced. If the machine has a capacity of ten tons 
at a return pressure of 28 pounds, as shown by vertical 
height of the curve, it has a capacity of five tons only with 
a return pressure of six pounds. Under the same circum- 
stances the cost of fuel per ton is increased in the ratio 
of the vertical heights to the curve marked " cost of fuel," 
namely, from I4'5 to 25. In other words, the cost per ton 
is nearly doubled while the capacity is halved. The work, 
as seen by the curve marked "work required," diminishes 
very slowly. 
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This shows very plainly tiie ecoDomy of direct expansion. 
J"6 ammonia in the coils of the brine tank must be cooled 
belo^ the brine or the directly expanded ammonia. If the 
difference be io°, say 5° instead of 15% then the capacity 
^^ the machine is reduced in the rado of 10 to 8, or 20 per 
^^^t.y and the cost for fiiel increased in the ratio of from 
^4"5 to i7'5, or 20 per cent. 

I'hese are physical facts which cannot be explained away, 
^nd thg economy of direct expansion in practice over both 
^rine and air circulation is usually greater than the diagram 
^^d table illustrates. 

^^BlC FEET OF AmMONIA GaS PER MiXUTE TO PRODUCE 

ONE TON OF Refrigeration per Day. 



CONDENSER. 
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1 
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103 

6r 


"5 


127 


139 153 


1 

168 


185! 


200 

1 


218 




/ 


t 


700 


1 
75*> 8o» 1 85° 


90' 


95' 


100° 


105° 

6*43 


• 


4 


-20' 


5-84 


5*9 '5*96 


6-03 


6*09 


6*i6 6-23 


6-30 


9 


6 


-15° 


5-35 


5-4 5*46 


5*52 


5*58 


5*64 


570 


577 


5-83 


h 

C5 


9 


-10° 


4-66 


473 : 4-76 4*8i 


4-86 


4-91 


4*97 


5-05 


5-08 


13 


-5° 


4-09 


4*12 i 4*17 1 4-21 


4-25 


4*30 


4*35 


4-jo 
3-87 


4*44 




16 


""l 


3*59 


3*63 i 3-66 1 3*70 


374 


378 


3-83 


3-91 


20 


S"" 


3'20 


3*24 i 3-27 

1 


3-30 


3-34 


3-3« 


3*41 


3*45 


3*49 


»i 


It 


10°' 


2*87 1 2*9 


2 '93 


2-96 


2*99 


3.02 


3-06 


3*09 


3-12 




15° 1 


2*59 


2'bi ; 2-65 2-68 


271 


273 


276 ; 2*8o 


2-82 




33 


20* 


2-31 


2*34 


2-36 , 2-38 


2*41 


2*44 


2*46 


2-49 


2*51 


1 


39 


25' 


2*06 


2-o8 


2'IO 2*12 


2-15 


2-17 


2-20 


2*22 


2*24 




45 


30° 


i-«5 


1-87 


1-89 


1*91 


1-93 


1-95 


1-97 


2*00 


2*OI 




51 


35^* 


170 


172 


1741 176 


177 


179 


i-8i 


1-83 


■•8s 



Determination of Moisture in Air. — {SiebeL) 

The moisture in the atmosphere may be determined b^ 
a wet-bulb thermometer, which is an ordinary thermomete 
the bulb of which is covered with muslin kept wet, an 
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which is exposed to the air, the moisture of which is to 
be ascertained. Owing to the evaporation of the water 
on the muslin, the thermometer will shortly acquire a 
stationary temperature, which is always lower than that of 
the surrounding air (except when the latter is actually 
saturated with moisture). If / is the temperature of the 
atmosphere, and t^ the temperature of the wet-bulb ther- 
mometer in degrees Celsius, the tension ^, of the aqueous 
vapour in the atmosphere, is found by the formula — 

^ = ^j — o'ooo77(/— /i)^i 

e^ being the maximum tension of aqueous vapour for the 
temperature A as found in table, and h the barometric 
length in millimeters. {See table, p. 77.) 

If <?2 is the maximum tension of aqueous vapour for the 
temperature /, the degree of saturation, H, is expressed 
by- 

and the dew point is also readily found in the same table, 
it being the temperature corresponding to the tension <?. 

PSYCHROMETERS. 

Instead of the wet-bulb thermometer alone, it is more 
convenient to use two exact thermometers combined (one 
with a wet bulb and the other with a dry bulb, to give 
the temperature of the air), to determine the hygrometric 
condition of the atmosphere, or of the air in a room. 
Instruments on this principle can be readily bought, and 
are called psychrometers. If they are arranged with a 
handle, so that they can be whirled around, they are called 
"sling psychrometers." These permit a quicker correct 
reading of the wet-bulb thermometer than the plain psychro- 
meter, in which the thermometers are stationary and are 
impracticable at a temperature below 32° Fahr., while the 
sling instrument can be read down to 27° Fahr. 
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The hygrometer of Professor Marvin is a. sling psychro- 
meter of improved construction. 

Hygrometers. 

While the term " hygrometer " applies to all instruments 
calculated to ascertain the amount of moisture in the mi, 
it is specifically used to designate instruments on which 
the degree of liumidity can be read off directly on a scale 
without calculation and table. Their operation is based 
on the change of the length of a hair, or similar hygroscopic 
substance under different conditions of humidity. 

Table giving weights of aqueous vapour held in sus- 
pension by loo lbs. of pure dry air when saturated, at 
different temperatures, and under the ordinary atmospheric 
pressure of ag-g in. of mercury. — {Box and Lightfoot.) 



Ihi. 
OO3S0 

0-OS74 

0-1418 



4'S+7 
^■'53 



31-713 

46-3J8 
ri-3«> 



N.B. — The weight in lbs. of the vapour mixed with 
100 lbs. of pure air at any given temperature and pressure 
is given by the formula — 

6g'3E 29:9 
29-9- E ^ / 
Where E = elastic force of the vapour at the given tem- 
perature, in inches of mercury (to be taken 
from Tables). 
^ = absolute pressure in inches of mercury. 
= fff for ordinary atmoB^^venc ■^itswjit. 
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Correct Rblative Humidity for a given Tempera- 
ture IV Egg Rooms. — {Madison Cooper.) 











zS 


80 




1% 


30 


76 


3" 


"4 






33 




34 
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l\ 
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38 ■ 


ss 


39 


56 


40 
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Specific Heat and Coupositioh of Victuals. 










Specific 


Specific 


L=l«., 


\ 


Water. 


Solids. 


^r^r 


Fretting 


"S? 


Lean beef .. 


-2-00 


J8-0O 


0-77 


0-41 


!02 


Fat beef . . 


1;:" 


49-00 




60 




34 




Veal 


37-00 




70 




39 


90 


Fat pork .. 


39-00 


61 00 




S' 




30 


55 


Egp 




3000 




76 




40 




Poutoes .. 




2600 




80 




42 


105 


Cabbages , . 
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93 




48 
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118 
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68 
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47 


124 
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White fish . . 
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COLD STORAGE. 



Mean Temperatures of Principal Citigs of the 
World. 



CITIES. 


Spring. 


s.™„. 


A..a^n. 


Winter. 


AnuwJ. 


Ekgland. 


?X: 


?Tr. 


FX 


?^.- 


?:^: 




48-0 


620 


50-0 


34-' 


48-2 


Brislol.. 


497 


630 


S'*5 


40.0 


S'-o5 


Liverpool 


48.8 


6ri 


5'-8 


39'8 


SO-8 


London 


490 


s'-i 


39'S 


50-5 


Manchester .. 


llo 


6z'0 


50-5 


34-8 


48-8 


Scotland. 












Edinburgh 


4S7 


57-5 


48-0 


38-5 


4;-s 


Glasgow 


4?-9 




50-5 


39-9 


49-3 


Ireland. 












Belfast.. 










S2I 


Dublin 


— 


— 


— 


— 


SOI 


France. 












Bordeaux 










57-° 














Marseilles .. 










Nice ., 


55-9 


72-5 


.63-0 


48-7 


Paris .. 








— 


S>-3 


Gebuanv. 












Berirn.. 


46-4 


63-1 


4;-8 


iQ-6 


4r-5 


Breslau 










467 


Buda P^&th . . 










47-5 


Dresden 










49'; 


Frankfort 










49-6 


Hambnrg . . 










480 


Leipsic 










46-4 


Munich 










48-4 


Trieste 


53-8 


'IS 


56-6 


39'S 


SS'S 


Vienna 


49-S 


63-9 


5^-8 


39'9 


" 


ITALV. 






















s 




Genoa 












MUao 










s 




Naples 


S9'S 


"4-5 


6»-S 


49-9 




Palermo 


S9'S 


74-S 


65-9 


^r? 


63 




Rome 


57'* 


yy 


61-7 


46-6 


S9 




Turin 


531 


71-6 


S3-8 


33-4 


53 




Venice 




~ 






554 1 
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Mean Temperatures of Principal Cities of thi 

World. — ( Continued,) 



cities. 



Spring. 



Summer. 



Autumn. 



Winter. 



Annua.1 < 



Spain & Portugal. 
Barcelona 
Madrid 
Lisbon 

Switzerland. 
Berne 
Geneva 

Holland. 

Amsterdam . . 
Rotterdam 

Belgium. 
Brussels 

Norway & Sweden 
Christiania 
Stockholm 

Denmark. 

Copenhagen . . 

Russia. 
Moscow 
Nicolaief 
St. Petersbm-g.. 
Warsaw 

Turkey. 

Bucharest 
Constantinople. 

Palestine. 

Jerusalem • . 

Egypt. 

Cairo . , 

Algeria. 
Algiers 
Tunis .. 



Degs. 
Fahr. 



57-6 
59-9 

45-8 



39*2 
38-3 



437 



43*3 

49*3 

35-1 
44-6 



51-8 
6o'6 

71-6 

630 



Degs. 
Fahr. 



74-1 

71*1 



6o*4 



59-5 

OI'O 



63-0 



62-6 
722 
60-3 

63*5 



73-4 
72-6 

84-6 
74*5 



Dees. 
Fahr. 



.<;67 

62-5 



47*3 



42-d 
43-3 



48-5 



34'9 
50*0 

405 
46-4 



6o*4 
66-3 

74*3 
70-5 



Degs. 
Fahr. 



42*1 
52-3 



304 



25*2 
25-4 



31*5 



13-5 

25-9 
166 

27*5 



40*6 
49-6 

58-5 
50-4 



Degs. 
Fahr. 

63*0 

57-6 
61 '4 



46-0 
52-7 



49*9 
51-0 



50-7 



417 
421 



46-8 



38-5 
487 

38-3 
45*5 



46-4 
567 



62*2 



72-3 



64-6 
68-8 
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SI E All Teuperatures of Principal Cities op the 

WoRLD.-™( Continued. 



crriBS. 


Spring. 


Sumner. 


Aulumd. 


Win let . 




North America. 


^. 


f^. 


s;: 


?X: 


?X: 


Baltimore . . 


6o'o 


S3-0 


64-6 


43-.'; 


54 '9 


Boston 


+8-0 


66-0 


S3'0 


jSo 


49-0 


Chicago 


tl'-l 


74'S 


6:-3 


38'5 


45*9 


Cincionali . . 


81-g 


66-4 


466 


54"7 


Mexico 


sU 


63-S 


6S-. 




6o-s 


Montreal . . 


44-2 


bgi 


17-1 


17-5 


437 


Hew Orleaoa . . 


73-0 


84-0 




SS-o 


7Z-0 


Ntw York . . 


50-0 


72-0 


56-0 


33'0 


S3-0 




■Sa-o 


7G-0 


57-0 


34'0 


55-" 


Quebec 










4°'3 




58-0 


S9'0 


bo-Q 


530 


57 -5 


St. Louis 


i4-6 


67 ■« 


ro 


460 


5S'0 


Washington .. 


69-0 


79-0 


38-0 


S9''' 


Sooth AuBRrcA. 












BufnosAirei.. 


ir; 


73-D 


64-6 


52 '5 


6^-s 


Lima ., 


JJ'i 


696 


SQO 


66-2 


Quito .. .. 


6o-3 


601 


62-5 


81 


6o-l 


Rio Janeiro .. 


"^■5 


79'° 


74'S 


73-6 


Valparaiso . . 










tU 


East Indies. 












Bombav 










8i-3 


Calcutta 


8i-6 


«3-3 




67'8 


78-4 


Madras 


— 




— 


— 


Si-9 


■^Vkst Indies. 






















79-1 


Kingstown .. 


78-3 


8i-3 


8o-o 


76-3 


79'° 


Port of Spain.. 






— 




8i-S 


China. 












Canton 


69-8 


82-0 




54- 8 


6q-8 


Pekiu . . 


566 


77'3 


S4"9 


290 


S2-6 


Australasia. 












Melbourne . . 










57-0 


Paramatta 


06-6 


73'9 


64-8 


S4'S 


gi-6 


Sydney 


— 








65 '8 


Cjlnarv Islands. 












Funchal 


63*5 


-O'O 


67-6 


61-3 


65-7 


!Kew Zealand, 












AuckUtid .. 


601 


66-7 


S8'0 


53-5 


S9-6 
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90 REFRIGERATION AND ICE-MAKING. 

COLD STORAGE CHARGES {England). 

Cambria Cold Storage and Ice Co,, Ltd, 

MEAT. 

.4Hotrs. ^if-^-^ W^- 

Beef, Quarters, each . . . . i/- . , 6d. , , 2/- 

Sheep and Lambs, each . . . . 6d. . . 3d. . . 1/6 

Pigs and Calves, each . . . , i/- * . . 6d. . . 2/- 
Bcasts' Heads (with tongues), each i Jd. per week or any part thereof^- 

„ (without „ ), „ Id. „ „ 
Sheeps* Heads and Plucks \ 

Beasts' Livers ., .. 5 ,, id. ,, „ 
Beasts' Plucks, &c. , , ) 

Beasts' Tails, per doz. .. .. 4d. „ ,, 

Pieces of Meat, in packages . . Jd. per lb. „ „ 

Minimum Cfharge, 3d. 

FISH, GAME, AND POULTRY. 

Fish (wet), small quantities 9d. per cwt. per week or any part thereof. 

,, large quantities 6d. „ „ „ 

Kippers Si Finnon, per box 2d. each and upwards per week or any part 

thereof. 
Loose Fish , , . , , , 2d. each and upwards per week or any part 

thereof. 
Poultry and Game. , , , i/- per cwt. per week or any part thereof. 
Frozen Poultry, in large 

quantities , . . .20/- per ton for 28 days „ 

Chickens, loose . . . . liid. per couple per week „ 
Rabbits, in hampers . .9a. per cwt. per week ,, 

Rabbits, loose . , . . id. per couple per week „ 

Rabbits, Frozen, in cases, small quantities, 6d. per case per week or 

any part thereof. 
Rabbits, Frozen, large quantities, 17/6 per ton for 28 days or any part 

thereof. 
Pheasants, i Jd. per brace ist week, id. per brace each succeeding week. 
Partridge and Grouse, id. per brace per week or any part thereof. 
Hares, Turkeys and Geese, 2d. each „ „ 

Minimum Charge, 3d. 

PROVISIONS. 

Butter, small quantities, 6d. per cwt. per week or any part thereof. 

,, „ 20/- per ton for 28 days or any portion thereof. 

„ 2 tons and upwards, 16/- „ „ ,, 

Bacon ,, „ 14/- „ „ ,, 

Cheese „ „ 12/6 „ ,, »« 

Lard ,, ,, ^5/" >> >> >» 

ft tf 17/" ♦» »» *» 



COLD STORAGE. 



91 



Conditions of Deposit and Regulations. 
The Conditions of Deposit are as follows : — 

•*^lie Cambria Cold Storage and Ice Co., Ltd., receive goods on the 
following conditions only : — 

^ • — ^o goods will be given up without the production of a ticket, 
widch. is delivered to the person when goods are brought to 
Stores, or satisfactory evidence of ownership. 
*• — ^All consignments to the Stores must be plainly marked with the 

owner's name and address, and date. 
3» — ^-AJl pajrments for storage must be made when the goods are 

delivered. 
4- — The Company will not be responsible for any loss or damage to 
goods stored by them, through maintaining too high or too low 
a temperature in the Stores, failure of machinery, fire, or any 
other cause whatsoever ; but the Company will always, and at 
all times, use their utmost endeavours to prevent any such 
damage, and will render all assistance in their power to properly 
preserve and keep goods entrusted to their care. 

-The Company reserve to themselves the right to refuse any goods 
that, in the opinion of the Manager, or his representative, are 
unfit to store. 

-The Company will hold all goods stored by them subject to a 
general lien for all debts due by Depositors on account of 
Storage. 

-Stores open for receiving and delivering goods : — " Week-days, 
6 a.m. to 5 p.m. ; Satiu-day, 6 a.m. to 5 p.m., and 10.30 p.m. 
to 11.30 p.m." 

COLD STORAGE CHARGES {Uhifed States). 



5. 



6. 



Substance. 



^alt meat 



» 



^riedbeef 
^resh meat 



Temperature. 
Degrees. 



Month. 



»» 



ATeal 

X«amb 

f3ame 



» 



Venison and 

poultry 
Docks, grouse, 
and quail 

V\\ :: 

Storage Room 



32 to 36 
32 to 36 
32 to 36 

38 
38 
36 
36 

32 to 36 
Below 20 

Below 20 

32 to 35 
Below 20 
25 to 30 



/ 



25 to 35 cents 
20 to 25 

35 

i 

25 
25 
15 









»» 



»» 



J to i „ 

2 J dollars 

and upwards 



For the 
Season. 



Remarks. 



15 cents 



15 
15 



>» 



Per tierce. 
Per barrel. 

Per pound. 
Per quarter. 
Per pound. 

»» 

>» 

Per lb. gross 



>> 



Per dozen. 



»» 
Pet i^ooa X 
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Apples, per 

Beef, Mutto 
per lb. 
Beet and A 
Beer and Al 
Beer and Al 
Beer, bottle 
Beer, bof.Ie 
Berries, frea 
Berries, fres 
Eulter and 
Buckwheat 
Cabbages, p 
Cabbages, | 
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Grapes, Malaga, etc., per keg, , 

Hops, per Ih 

Lard, per tierce 

Lard Oil, per cask 

Lemons, per box 

Macatoai, per bbl 

Maple Sugar, per lb 

Majjle SjTUp, per gallon 

Meats, fresb, per lb 

Njts of all kinds, per lb 

Oatraeal, per bbl 

Oil, pet cask 

Oil,pethlid. 

Oleomargarine, 3er lb.. , 

Ooions, per bbl.". 

Onions, per box 

Oranges, per bot 

Oysters in tub?, per gal 

Oysters in sbells, per bbl 

Peaches, per basket . . 

Pears, pet box .. 

Peats, perbb! 
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Rates for Freezing Poultry, Game, Fish, Meats, 
Butter, Eggs, etc, United States. 

The rates for freezing goods, or for storing goods at a 
freezing temperature when thej are already frozen, are as 
follows : — 

Poultry, Game, etc., in Unbroken Packages. 

Poultry, including turkeys, fowl, chickens, geese, etc., 
and rabbits, squirrels, and ducks when picked. 

Four rates. A, B, C, and D, for storing poultry, and the 
rate to be charged will be determined by the amount of 
such goods as may be frozen and stored dunng a season 
of six months, usually from October or NoYcmber ist to 
April or May ist. 

Rate A. — For customers storing fifty or more tons of 
poultry, the rate to be one-third cent per pound for the 
first month stored, and one-fourth cent per pound for each 
month or fraction of a month, including the first month, 
if stored for more than one month. 

Rate B. — For customers storing five or more, but less 
than fifty tons of poultry, the rate to be one-third cent per 
pound for the first month stored, and one-fourth cent per 
pound for each month or fraction of a month thereafter. 

Rate C. — For customers storing one or more, but less 
than five tons of poultry, the rate to be three-eighths cent 
per pound for the first month stored, and one-fourth cent 
per pound for each month or fraction of a month there- 
after. 

Rate D. — For customers storing less than one ton of 
poultry, the rate to be one-half cent per pound for the first 
month stored, and three-eighths cent per poimd for each 
month or fraction of a month thereafter. 

Venison, etc., and ducks when unpicked, one to one-half 
cent per pound per month, according to quality and length 
of time stored. 

Grouse and part ridges, three cents to five cents per pair 
per month. Woodcock, one cent to two cents per pair 
per month. 

Squabs and pigeons, four cents to six cents per dozen 
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per month. Quail, plover, snipe, etc., three cents to five 
cents per dozen per month. 

When a portion of the goods is removed from a package, 
storage to be charged for the whole package as it was 
received, mitil the balance of the package is removed from 
the freezer. 

For goods received loose, when to be taken out of the 
packages in which they are received, or when to be laid 
out, the following rates to be charged : — 

Poultry, including turkeys, chickens, geese, etc, and 
rabbits and squirrels, one-half cent to one-fourth cent per 
pound extra, according to quality and length ^ of time 
stored. 

Grouse, partridges, woodcock, squabs, pigeons, quail, 
plover, and snipe, 50 per cent more than the rates as 
above specified. 

Ducks weighing less than two pounds each, two cents to 
three cents each per month. Ducks weighing two pounds 
or more each, three cents to four cents each per month. 

For all kinds of poultry and birds not herein specified, 
the rate from one cent to one-half cent per pound per 
month, according to quantity and length of time stored. 

Summer Freezing Rates. 

Freezing rates for the summer months, 50 per cent, more 
than the specified winter rates for the first month stored, 
and the same as the winter rates for the second and succeed- 
ing months. 

Storing Unfrozen Poultry, etc. 

For holding poultry, game, etc., which are not frozen, at 
a temperature which shall be about 30° Fahr., the rate to 
be one-fifth cent to two-fifths cent per pound according to 
quantity, for any time not exceeding two weeks. 

Freezing Rates for Fish and Meats. 

Salmon, blue fish, and other fresh fish in packages, one- 
half cent per pound for the first month stored, three- 
eigl^ths cent per pound per month t\vtiea&tt* 
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Fresh fish of all kinds when to be hung up or laid 
three-fourths cent per pound for the first month sto 
one-half cent per pound per month thereafter. 

Fish in small quantities, 50 per cent more than 
above rates. 

Special rates for large lots of large fish. 

Scallops, three-fourths cent per pound, gross, per mo 

Sweetbreads, and lamb fries, one cent per pound, gr 
per month. 

Beef, mutton, lamb, pork, veal, tongues, etc., th 
fourths cent to one-half cent per pound, net, for the 
month stored, one-fourth cent to three-eighths cent 
pound per month thereafter. 

Butter Freezing Rates. 

For freezing and storing butter in a temperature of 
Fahr. or lower, the rate to be charged will be determ 
by the amount of such goods that may be frozen 
stored during the season of eight months from Apri 
to December ist, or from May ist to January ist. T 
will be three rates. A, B, and C. 

Rate A. — For customers storing thirty-five (35) or 1 
tons of butter, the rate to be fifteen cents per 100 poi 
net, per month. 

Rate B. — For customers storing five or more, but 
than thirty-five tons of butter, the rate to be eighteen < 
per 100 pounds, net, per month. 

Rate C. — For customers storing less than five tor 
butter, the rate to be twenty-five cents per 100 poi 
net, per month. 

Egg Freezing Rates. 

For freezing broken eggs in cans, the charge to be 
half cent per pound, net weight, per month, and : 
season of eight months the rate to be one and one 
cents per pound, net weight. 

For freezing temperatuies^ ioMi c^xiXs \a ^n^ ^^\i 
^'vjt per month. 
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Terms of Payment of Cold Storage and 

Freezing Rates. 

A.11 the above rates are to be charged for each month, 
0^ fraction of a month, unless otherwise specified ; and in 
^^^ Oases fractions of months to be charged as full months. 

Charges to be computed in all cases when possible upon 
fe marked weights and numbers of all goods at the time 
they are received. 

AH storage bills are due and payable upon the delivery 
^^ a whole lot, or balance of a lot of goods, or every three 
Months, when goods are stored more than three months. 

Unless special instructions regarding insurance accom- 
pany each lot of goods, they are held at owner's risk. 

COLD STORAGE CHARGES (France). 

Public Abattoir, Chambiry, 

Rent of cold storage chamber 500 francs {£,20) per 
annum. An ordinary cold storage chamber contains 17 or 
18 hooks, each capable of supporting about 100 kilo- 
grammes (220*4 lbs.) of meat, and 17 or 18 S-hooks, each 
capable of receiving 10 kilogrammes (22*04 lbs.), in small 
pieces. The weights of the meat suspended from the 
hooks and S-hooks are never to exceed the above. In all 
cases where such weights are exceeded the butchers will be 
held responsible for any damage and breakages which may 
result 

Where a cold storage chamber is let to a number of 
persons, the rent to be per hook, at the rate of 40 francs 
(32 shillings) a year, that is to say, for the time during 
which the cold store is in operation. The S-hook situated 
above is included with each hook. 
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SECTION III. 

ICE-MAKING AND STORING ICE. 

Ice-making. 

Artificial ice is either what is known as clear, trani 
parent, or crystal ice, or milky, opaque, or tombstone io 
The latter is generally used where appearance is of m 
consequence, and cheapness is the main consideration ^» 
and it does not necessarily possess any unwholesom^^^ 
qualities, but it has the objection of very considerabi 
reduced keeping powers, and should be used immediately, 
The opacity of ice is mainly due to rapid freezing pre 
venting the air contained in solution in the water fronr- — ' 
escaping. 

Clear or crystal ice can be made by using distilled o 
de-aerated water, or by agitation of the water during th< 
freezing process. This latter has been carried out in 
number of different ways, of which the most common an 
practical is the reciprocating movement of agitators o; 
paddles in the ice can or mould, or in the ice-box, accord 
ingly as the can system or the stationary cell system is i 
use. Many other devices have, however, been used, amongs 
which may be mentioned the imparting of a rotary motio 
to the freezer, rods or plungers moving up and down i 
cans, oscillating rods or agitators, forcing cold air througlr* 
the freezing water, shaking cans or moulds, removing watexr 
and refilling it by pumping, water injection with pressure 
reduction, taking water from one point of one can anc2 
pumping it into another, rotating stirrer or agitator, freezing* 
ice in very cold air, freezing ice very slowly, freezing ice 
in very thin slabs. 

A white core in ice is due to the presence of carbonite of 
lime and magnesia or other minerals in the water. A red 
core in ice is due to the separation of oxide of iron in ice 
which was maintained in solution in the water in the form 
of carbonate of iron, and the sediment usually comes from 
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^ iron of the plant. Pure distilled, carefully filtered water 
"'Qiild be alone used for making ice intended for domestic 
*^Onsuii,ption. The three most used types of ice-making 
^Ppiiatus are those norklng ou the can system, the station- 
**"jcell system, and the plate or wall system. 

In ice-making, where it is important to secure the maxi- 
**liim production at the minimum cost, it is necessary to 
^"crk both day and night so as to render the operation a 
^^ontinuous one. Likewise such routine must be followed 
^■S will ensure the largest possible output and the best 
^Dality. With this purpose in view, great care must be 
^aercised to maintain all the parts of the apparatus per- 
*^ctly clean, and in first-class working order. A regular 
^*-nd systematic plan of drawing the ice must be settled 
V*pon and strictly adhered to, and with this object a dis- 
tinctive number or letter should be stamped or painted 
'^Apon each can or mould, and so many drawn regularly 
"^xt hour. 

Table giving Sizes and Capacities of Ice-making 

Plants, etc. 

[H. H. Ktlley, " The Engineer," New York.) 
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ICE-MAKING AND STORING ICE. I03 

Pure Water. 

If properly distilled water, or ice made from such water, 
^^ evaporated slowly on a piece of platinum foil over a 
spirit-lamp or a Bunsen gas-burner, there should be no 
residuum whatever. 

In the manufacture of ice intended for domestic con- 
?Umption, the use of pure water is a matter of paramount 
^^portance, consequently it is well to define what pure 
."^ater is, and as very much the same requirements that are 
pelade by authorities with respect to potable water, also 
Lpply to ice, we will give some of the demands made in 
Ihe former case. Pure water is soft, is transparent, has a 
pertain amount of sparkle, is sufficiently aerated, has no 
latter held in suspension that is visible, is completely 
LSteless, and is either entirely colourless or has a slight 
jlnish tint. The requirements of some authorities in the 
nited States in this direction — ^great care being there 
exercised — are given by Prof. Siebel as follows : " i. Such 
water should be clear, temperature not above 15° C. 
2. It should contain some air. 3. It should contain in 
1,000,000 parts: Not more than 20 parts of organic matter. 
Not more than o'l part of albuminoid ammonias. Not 
more than 0*5 part of free ammonia. 4. It should contain 
no nitrates, no sulphuretted hydrogen, and only traces of 
iron, aluminium, and magnesium. Besides the mentioned 
substances, it should not contain anything that is precipit- 
able by sulphuretted ammonia. 5. It must not contract 
any odour in closed vessels. 6. It must contain no sapro- 
phites and leptothrix, and no bacteria and infusoria in 
notable quantities. 7. Addition of sugar must cause no 
development of fungoid growth. 8. On gelatine it must 
not generate any liquefying colonies of bacteria." 

Simple Rules for ascertaining the Quality of So- 
called Mineral Water. — {Frick Company.) 

Water turning blue litmus paper red before boiling, 
which after boihng will not do so ; and if the blue colour 
can be restored by warming, then it is carbonated (con- 
taining carbonic acid). 

If it has a sickening odour, giving a black precipitate 
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W:± solpcide of hydrogen, slxghtlj add, indicates presen< 
cf an^idonjy stntnic^ tin, copper, gold, pladni 
silver. lead, bismnih, and cadmianL 

V/i:h sulphide of ammooia. alkaloid by ammonia, indi- 
caJte- nickel, cobalt, manganese, iron, zinc, alumina, am 
chromium. 

With chloride of mexcnry or gold and solphale of mc, 
indicates organic matter. 

Treeztsg Task or Box. 

These are constructed of sheet iron and steel, and also 
of wood and cement. The amount of pipe required is 
about 250 feet of 2-inch pipe, or 350 feet of i^inch pipe, 
or their equivalent per ton of ice per twenty-four hours, in 
accordance with the temperature of the brine and the 
<:a[jar;ity of the machine. Less pipe than the above, says 
Prof. Siebel, is employed in the United States, even as 
low as 150 feet of 2-inch pipe, and 200 feet of i^inch pipe 
per ton of ice-making capacity (in twenty-four hours), but 
in that case the back pressure must be carried excessively 
low, which duly increases the consumption of coal and the 
wear and tear of the machinery. 

The brine in the freezing tank may be cooled on either 
the brine circulation or the direct exp^xk^oxi %'^%tem. 
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The size and length of pipe in the brine tank, it is 
recommended by the above-mentioned authority, should 
be arranged in such a manner that each row of moulds 
or cans is passed by an ammonia pipe on each side, 
preferably on the wide side of the mould or can. The 
series of pipes in the ice tank or box are connected by 
a manifold, the liquid ammonia entering the manifold at 
the lower extremity, and the vapour leaving by the suction 
manifold placed at the higher extremity of the refrigerating 
coils. 

When working with the wet vapour of ammonia, the liquid 
must be admitted at the upper extremity of the refrigerating 
coils, and be drawn off to the compressor at their lower 
extremity. 

Brine for Use in Refrigerating and Ice-making 

Plants. 

A brine suitable for the above purpose can be made 
with from 3 to 5 lbs. of chloride of calcium, or muriate of 
lime, in accordance with its degree of purity, dissolved in 
each gallon of water. The density of this solution is about 
23° Beaum^, its weight about 13^ lbs. per gallon, and the 
freezing-point is —9° Fahr. As the above standard of 
density must be kept up, in order to prevent the brine 
from becoming congealed in the refrigerator, or the ice- 
making tanks or boxes, it is desirable to test it periodically 
with a salinometer. 

In the best American practice first quality medium 
ground salt, preferably in bags for convenience of handling, 
is employed, the proportions being about 3 lbs. of salt 
to each gallon of water. The brine is made in a brine 
mixer, consisting of a water-tight box or tank about 
4 ft X 8 ft. X 2 ft., having a suitably perforated false 
bottom, and a small compartment, partitioned off at one 
extremity, communicating with the main compartment 
through an overflow situated at the upper end of the 
partition, and fitted with a large strainer, to prevent the 
passage into the small compartment of salt or foreign 
bodies. The water is admitted through a perforated pipe 
situated beneath, and running the full length of the false 
bottom, and the brine is removed through a pipe from the 
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ICE-MAKING AND STORING ICE. 

Solutions of Chloride of Calcium (CaCIz). 
{Mamifac^rer of Chloride of Calcium, US.) 
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Properties of Solution of Chloride of Calcium. 

(/'ra/. Sitbel, "Compend. of Mechanical Re/rigeralian.") 
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isoN OF Various Hydrometer Scales. — {Yaryan.) 
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Comparison of Various Hydrometer Scales.— ( C 
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ICE-MAKING AND STORING ICE. 



Frb:ezing Times for Different Temperatures and 
Thicknesses of Can Ice. 

{Siibtrt.) 
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Time Required for Water to Freeze in Ice Cans. 

(The Triumph Ice Machint Company, Catalogue:) 
Cans, size, 6in.byizin. by 24 in. Weight of cake, 50 lbs. Time to 

freeze, 10 hours. 
Cans.size, Sin. by 18 in. by 32 in. Weight of cake, 100 lbs. Time to 

freeze, 36 hours. 
Cans, size, 8 in. by 16 in. by 40 in. Weight of cake, 150 lbs. Time to 

freeze, 36 bouts. 
Cans, size, 1 1 in. by 22 in. by 32 in. Weight of cake, 200 lbs. Time to 

freeze, 55 hours. 
Cans, size, 11 m. by 22 in. by 44 in. Weight of cake, 300 lbs. Time to 

Iteeze, do hours. 
Cans, size, 1 1 in, by 22 in. by 57 in. Weight of cake, 400 lbs. Time to 

freeze. 60 hours. 
Note. — Temperature of bath 14 to 18 degrees Fahrenheit. Asa rule, 
the higher the bath temperalute the slower the process of 
freezing, but the liner and clearer Che ice. 

Storing Ice 

For storing purposes ice should be clear, solid, and 
devoid of core. In America some persons insist thai ice 
for stor^e should not be made at temperatures higher 
than 10° to 14° in brine tank. 

The first requisite for a storage house for artificial ice, 
as also for natural ice, is of course the best possible 
insulation; other necessary points to be attended to are 
drainage and ventilation. The best shape for an ice 
storage house is square, oi as nearly approaching this fom 
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as possible, and the roof should have a good pitch. An 
ante-room or lobby is also desirable, as by the provision 
of this latter the necessity for the frequent opening of the 
main store is done away with. 

To preserve the ice, the storage rooms as well as the 
ante-chambers or lobbies must be refrigerated, and the 
amount of the latter required may be roughly estimated, 
according to Prof. Siebel, at from about ten to sixteen 
British thermal units of refrigeration per cubic feet con- 
tents for twenty-four hours. About one foot of 2-inch 
pipe (or its equivalent in other size pipe) per fourteen to 
twenty cubic feet of space is frequently allowed, says the 
same gentleman, in ice storage houses for direct expansion, 
and about one-half to one-third more for brine circulation. 
The pipes should be located on the ceiling of the ice 
storage house. 

The ventilation of an ice storage house should be carefully 
attended to, and ventilators fitted with suitable regulators 
should be provided both in the highest part of the roof and 
also in the gable ends. The drainage should be such as to 
absolutely prevent the accumulation of any moisture beneath 
the bed of ice. It is recommended to paint an ice store 
white, preferably with a mineral paint such as barytes, or 
patent white. 

Respecting the best method to adopt for packing the ice 
in the store, considerable diversity of opinion seems to 
exist. It is well to provide a bed of from eighteen inches 
to two feet of cinders, as this tends to improve the drainage 
of the house. In one method the blocks are placed on 
edge and as closely packed together as possible, the blocks 
in each succeeding layer being placed exactly over those 
beneath and all breaking of joints being avoided. The ice 
is covered between the times of storing with dry sawdust or 
soft wood shavings, and the uppermost layer is invariably 
covered with dry sawdust or shavings. 

Mr. R. Thompson, writing to the Canadian Farming 
Worldy says that in filling the house he puts the ice on 
edge, placmg every alternate layer crossways, which plan, 
he claims, enables ice to keep better and come out easier. 

Others recommend that the ice be stored with alternate 
ends touching^ and alternately from one and a half to two 
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inches apart, so as to prevent the ice from freezing together. 
The cakes or slabs of ice should not be parallel to each 
other, and storage should only be made when the tempera- 
ture is at or below freezing. Or, again, -i-inch strips placed 
between the layers of ice in the store so as to separate the 
cakes or blocks top, side, and bottom, from all others in 
the house. 

For packing the ice, sawdust, rice chaff, straw, hay — 
marsh or prairie hay being said to be preferable — are em- 
ployed, the latter materials being the best, and rice chaff 
being capable of being dried and re-used. Six inches of 
well-packed hay should be placed between the ice and the 
walls, and no covering until the store is full. 

A cubic foot of ice is taken to weigh 57*5 lbs. approxi- 
mately at 32° Fahr. A cubic foot of water frozen at 32° 
will make 1*0855 cubic foot of ice, thus showing an expan- 
sion of 8*5 per cent, due to freezing. A cubic foot of pure 
water at 39° Fahr., its point of greatest density, weighs 
62 '43 lbs. Fifty cubic feet of ice, as usually stored, equals 
about one American or short ton of ice (2000 lbs.), or 62 
cubic feet one English ton. In small ice houses, in which 
the ice is closely packed, a short ton of ice can be got into 
from 40 to 45 cubic feet. 

When withdrawing ice from a store, breaking out bars 
for bottom and side breaking are required, and if properly 
skilled assistance is not available a considerable amount 
of the ice will in all probability be broken up and wasted. 

The wastage of ice in an ice store not artificially cooled 
from January to July is, in the United States, at the rate of 
about o'l lb. of ice per twenty-four hours for each square 
foot of wall surface, or say from 5 to 10 per cent, of the ice 
stored during the six months. 

The amount of heat that will pass through a square foot 
of ice one inch in thickness is put at 10 British thermal 
units per hour for each degree Fahrenheit difference 
between the respective temperatures on each side of the 
sheet of ice. 

In handling and selling ice, the waggons should be clean 
and sanitary, the men in charge should avoid walking about 
in them with dirty boots, and blocks of ice should not be 
deposited and slid about on filthy pavements. These 
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marcra are ait«iwfpff tts ni die Unftrrf Sbttesy but heie &ey 
are totally Defected. 

In the United States the sHTmg and deinrery of ice is 
gexieiallj done by the coapoasystemy winch btbiis described 
by Pro£ Siebel : ** It s a. S]pkeni of keeping an accmate 
accodxt with each ccstoiner of die delifezy oi and the pay- 
men: for ice by Tn<»gTTJi of a small book ron taming coupons, 
which. izL the aggregate eqaal 500 or 1000 or more pounds 
of ice taken by the costomer eTery time ke is ddirered. 
These books are used in the delivery of ice in like manner 
as mileage books or tickets are used oa die railroad. A 
certain nmnber of coupons are printed 00 eadi page, each 
coupon being separated from the others by perforation, so 
that they are eaaly detached and taken up by the driver, 
when ice is delivered. Such books are each supplied with 
a receipt or due bill, so that if the customer purchases his 
ice on credit, all that is necessary for the dealer to do is to 
have the customer sign the receipt or due biU and hand 
him the book containing coupons equal in the aggr^;ate to 
the number of pounds of ice set forth in the receipt or due 
bilL The dealer then has the receipt or due bill, and the 
customer has the book of coupons. The only entry which 
the dealer has to enter against such purchaser in his books 
is to charge him with coupon book number, as per number 
on book, to the amount of 500, 1000, or more pounds of 
ice, as the value of the book so delivered may be. The 
driver then takes up the coupons as he delivers the ice from 
day to day." 



SECTION IV. 

INSULATION. 

In addition to non-conducting qualities, a good insulating 
Material should be non-odorous, non-hygroscopic, not liable 
to silt, and both vermin and fire-proof. 

Perfect insulation would be attained when there was 
absolutely no transmission of heat through the walls of the 
building, which state of things is practically an impossibility. 
Every one should, however, endeavour to secure as near an 
approximation to the above as possible, and it should be 
remembered that poor insulation is a constant drain upon 
the machinery and pocket of the owner, as a very large 
percentage of the actual work of a refrigerating machine is 
that required to make up for the transfer of heat through 
the walls, floor, and ceiling of the cold store, resulting from 
defective insulation. 

In the following tables the results of a number of tests 
as to the values of different insulating materials are given, 
and from these tables may be deduced sufficient information 
to enable an intelligent choice to be made. In Australia 
pumice stone is much used, and is said to give good results. 
In this country and the United States silicate cotton or 
slag-wool ; cork, in slabs, bricks, and granulated ; and char- 
coal are employed, and there is something to be said in 
favour of each of these materials. 

When charcoal is employed it should be well dried, and 
packed as nearly as possible to a consistency of 1 1 lbs. per 
cubic foot Silicate cotton or slag-wool is usually packed 
to a consistency of about 12 lbs. per cubic foot, one ton 
equalling about 187 cubic feet. Some engineers prefer, 
however, to use 13 lbs. per cubic foot. 
^ An advantage possessed by granulated cork is its extreme 
lightness. One cubic foot weighs only iv^^^*>^'^'^ ^X!kfc\ss^ 
occupies about 450 cubic feet. 
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Transmission of Heat through various Insulai 
Structures. — {Starr, American Warehousemen's Asso 

Col. I. gives B.T.U. per square foot per day per degree of diife: 
of temperature. Col. II. gives meltage of ice in pounds per ds 
heat coining through loo square feet at a difference of 40**. 

Col. I. C 
One J-in. board, 2\-m, mineral wool, paper, one J-in. 

board . . . . . . , , . . . . . . 3*62 

Two 1-in. double boards and two papers, i-in. hair-felt 3*318 
Two |-in. boards and paper, i-in. sheet cork, two J-in. 

boards and paper ,. .. .. .. .. 3*30 

One l^-in. board, paper, 2-in. calcined pumice, paper, 

and J-in. board 3-38 

One J-in. board, paper, 3-in. sheet cork, paper, one 

J-in. board 2* 10 

Douole boards and papers, 4-in. granulated cork, double 

boards and paper 1-70 



Results of Tests to determine the Non-Condu( 
Values of Different Materials. 

iff. F, Donaldson, M.I,C»E., Proceedings , Inst, C.E.) 

Experiment No. i. 
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81 
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Charcoal .. 


II 


9^4 


794 


56 
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Silicate Cotton . . 


4J 


924 


734 


404 


5 


Magnesia and As- 












bestos Fibre . . 


4i 


93 


73 


404 


5 



Note. — The author thought it undesirable to consider furthe 
pressed peat set in fossil meal, as he found by experiment its po' 
absorption of moisture to be so great as to constitute in his op 
orttjrce of danger. 



INSULATION. 



117 



Experiment No. 2. 
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Experiment No. 3. 
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Experiment No. 4. 
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II 
II 


no 
no 


100* 
lOlJ 


79 
76J 


28*18 
30*22 


mite . . 


II 


no 


99 


73i 


3295 

* 



, J 



ii8 



REFRIGERATION AND ICE-MAKING. 



Results of Tests to determine the Non-Conductive 
Values of Various Materials. 

{Dr, Wm. Wallace,) 





Cubic 




materials. 


Centimetres 
(grammes) of 


Average cc.'s 
per day. 




water melted 




in X2 days. 




Silicate Cotton 


9.470 


789 


Flake Charcoal 




11,010 


917 


Felt 




11,760 


980. 


Fossil Meal 




12,530 


1,044 


Twig Charcoal 




13,590 


1,132 


Plain Cork Slabs 




14,020 


1,168 


Tarred Cork Slabs 




14,610 


1,217 


Broken Lump Charcoal 




15,916 


1,326 


xxsnes «. *• a. .* • 




23,316 


1,943 



I 



Coleman's method was used in making the above tests, with 

walls 6 in. thick. 



Rate of Passage of Heat through Various 
Materials. — {Alex, Marcet,) 



British Thermal Units per hour per superficial foot through materials 

6 in. thick. 




T = 6o° 


T = 50° 


T = 40» 


Dry. 


Wet. 


Dry. 


Wet. 


Dry. 

1 


Wet. 


Silicate Cotton . . 
Cow Hair . . 
Charcoal , . 
Sawdust . . 
Infusorial Earth . . 
Cork Bricks 
/ 


4-II 

4-1 1 

4-70 

675 
lO-OO 

5-87 


14-05 

8-8o 
12-30 
15-60 


2-34 
2*34 
2-93 
4-40 
6-i8 

3*20 


8-57 
5-30 

7-50 
9'6o 


I-I7 
I-I7 
1-76 

2*34 

3\S7 
2-90 


6-70 

3-50 
4-40 

5-50 



T = The Difference of TemperalMTe ^JJaJot .^ oxi ^Caa V-^^ ^^t^ ^'l "^^ 

maleiisi. 
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Results of Tests on the Heat Conductivity of 

Different Substances. 

( Various authorities,) 
(Silicate Cotton being taken at 100.) 



substance. 


c.e. 

Emery, 
z88z. 


JJ.Cole- 
man, 
1884. 


W. H. 

Collins, 

X891. 


Prof. 

Jamieson 

1894. 


Silicate Cotton or Slag Wool 
Hair-Felt or Fibrous Composition 

Papier-Mache 

Kieselguhr Composition . . 

Sawdust 

Charcoal 

Cottonwool 

Sheep's Wool 

Pine Wood (across the grain) 

Loam 

Gasworks Breeze or Coal Ashes . . 
Asbestos 


100 

122 
132 

240 
229 


100 
117 

136 

163 
140 
122 

136 
230 


100 
114 

147 
142 

299 
179 


100 
112 
III 
112 



Table giving the Relative Heat Conductivity of 
Various Boiler-covering Materials. 

{The ** American Engineer y) 



Silicate Cotton or Mineral Wool 

Hair Felt 

Cotton Wool . . 

Sheep's Wool . . 

Infusorial Earth 

Charcoal 

Sawdust 

Gasworks Breeze 

Wood and air space 



100 

117 
122 

136 
136 

140 

163 
230 
280 
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Results of Experiments Regarding Non Heat-con- 
ducting Properties of Various Substances.— 
{Prof, J. M. Ordway.) 









Pounds of Water 




Coverings x inch thick. 




heated iti° F. per 
hour by x sq. foot 








, 1 


*' Silicate Cotton '* or " Slag Wool " . . 


13-0 




2 


X aper « , « « « » 




14*0 


« 


3 


Cork Strips, bound on 




i8-o 




4 


Straw Rope, wound spirally 






t; 


Loose Rice Chaff . . 




187 


^ 6 


Blotting Paper, wound tight 




21-0 




Paste of Fossil Meal and Hair 




167 


Loose Bituminous Coal Ashes 




21*0 


Paste of Fossil Meal with Asbestos 


22-0 


tj lO 
^ 12 


Loose Anthracite Coal Ashes 


• • • • 


27-0 


Paste of Clay and Vegetable Fibre 


30-9 


Dry Plaster of Paris 




30-9 


13 


Asbestos Paper, wound tight 




217 


15 


Air alone 




480 

49-0 


Fine Asbestos 






i6 


Sand . • 




2*l6 



* These substances are not well suited for covering heated surfaces- 
owing to their nature they soon become carbonised. 

t Hard substances that, with the action of the heat, break, powder, 
and fall off. 

N.B. — The Asbestos of 15 had smooth fibres, which could not pre- 
vent the air from moving about. Later trials with an Asbestos of 
exceedingly fine fibre have made a somewhat better showing, but 
Asbestos is really one of the poorest non-conductors. By reason of its 
fibrous character it may be used advantageously to hold together other 
incombustible substances, but the less the better. 



NoN Heat-conducting Properties of Various Sub- 
stances. — {From " Engineering.'') 



Prepared Mixtures, for Covering Boilers, Pipes, &c. 



Slag Wool (Silicate Cotton) and Hair Paste 

Fossil Meal and Hair Paste 

Paper Pulp alone 

Asbestos Fibre, wrapped tightly 

FossiJ Meal and Asbestos Powder . . 

Coal Ashes and Clay Paste, "wxappeA.'m\i}ti ^\xwi 
Clay, Dung, and Vegetable ¥i\>ie Paste . . 
Paper Pulp, Clay and VegetabVe Yibie 



Pounds of Water 

heated io<* Fahr. 

per houn per 

square foot. 
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ULTs OF Experiments Regarding Non Heat-con- 
ducting Properties of Various Substances. 

{Walter Jones, ''Heating by Hot Water:') 



Frame Filled with 



roy's Boiler-covering Composition . . 
b^tos Powder 

irFelt 

icate Cotton . . 



Left for 



3 hours 

4 » 
9 ,> 
9 n 



Highest Temp. 
Registered. 



86° 
76° 



EAT IN Units transmitted per Square Foot per 
Hour through Various Substances. 

(Peclet,) 



Materials. 



Qum 
r . 
>er 



>le 



i-cotta . 
nvork . 
er 

• • « . _ 
against the grain 
fibre . 
lut, with the grain 
fibre . 
with the grain or 
e . . . 



Units of 
heat trans- 
mitted. 



625 
6CX) 

595 
520 

230 

225 

178 

24 

14 
6-6 

4-8 

4-8 

3-8 
2-i; 

17 
1*4 
1-37 



Materials. 



Guttapercha 
India-rubber 
Brickdust, sifted 
Coke, in powder 
Iron filings . 
Cork . 

Chalk, in powder 
Charcoal (wood) in pow 

der . 
Straw, chopped . 
Coal, powder sifted 
Wood ashes 
Mahogany dust . 
Canvas, hempen new 
Calico, new 
Writing-paper, white 
Cotton and sheep's wool 
Eiderdown . 
Blotting-paper, grey 



Units of 
heat trans- 
mitted. 



1-37 
I "36 

1*33 
1*29 

1*26 

0-86 

063 
056 

0*54 

0-53 
052 

0-41 
0*40 

034 
032 

0-31 
0*26 



\ 
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Relative and Absolute Thermal Conductivity d 
Substances used as Lagging for Steam Boilers.— 
( Professor Jamieson. ) 

Results of the Tests. 





■5.-=- 


ll 


3% 


:f i 


NaniB of Material. 




p 




1 




ii 


P 


'1 \ 




Ibi. oi. 


Dee. Cent. 




1 


Dryair .... 




6-0 


00000558 




FoH5il meal coraposilion . 


7 2 


21-5 


□■ 0002689 


I'i 


Cement «-ith hm felt* . 


S IS 


30-D 


O'0oo36i3 


Saieate cotton.f or Blag 










wool .... 




ig-o 


0-0003875 
O'ooo4336 


6-9S 


KieselBuhrf composition 


? 'I 


29-0 


777 


Papiernmeliecompoation} 


3S-5 


D'00044a4 


7'93 


Fibrous composition (flai, 










hemp, cow-hair, andclay) 


9 9 


34-5 


O'0004sso 


7-98 


Papier mach^ com position II 8 iz 


37-S 




8-99 



• Theoulsidediameter of this sample was about J in, smaller than the 
inside diameter of the middle tin-case or vessel, and it had consequently 
a slight advantage over the other samples in having a thin layer of an 
between its outer surface and the latter. 

t The silicate cotton was pressed together tightly, and thns lis 
conduciivity appears greater than would have been the case had it been 
more loosely packed. 

J The Kiesel^hr employed consisted on the average of Silica 83*8, 
Magnesia 0-7, Lime O'o, Alumina ro, Peroxide of Iron i-i. Organic 
Mallei 4'5, Moisture and Loss, 7M. It was employed in coninnction 
with 10 per cent, of binding material, viz., fibre and mucilaginous 
extract of several vegetable matters. 

S Papier mache composition, consisting of paper pulp nixed ulth clay 
and carbon, together with hair and fragments of hemp rope. 
!j A lighter modification of above. 



!/ A lighter modification of above. 
The quantity of heat in uniis, \;TMvOT;\\Xft6> 'fta'sa^ <s(«. 
square foot of plate per houx, nra.^ ^^ ^°^^*- *™*'- ^'^'''"^ 
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:lie temperature of the cooler side from that of the hotter 
iide of the plate, then multiply the result by the number in 
the table on p. 121 corresponding to the material used, and 
divide the product by the thickness of plate in inches. Thus 
an iron plate 2 in. thick, having a temperature of 60° on one 
side and 80° on the other, will transmit 80 — 60 x ^^ = 2300 
units of heat per square foot per hour. 



Heat-conducting Power of Various Substances, 
Slate being iooo. — {Molesworth.) 



Slate 


. 1,000 


Lead 


. 5,210 


Flagstone 


. 1,110 


Portland stone 


750 


Brick . 


600 to 730 


Fire-brick 


620 



Chalk 


. 564 


Asphalt . . 
Oak . . . . 

Lath and plaster 
Cement . 


• 336 

• 255 
. 200 



Tests regarding Conductivities of Asbestos and 
KiESELGUHR. — (/. G. DobUe) 

Resiflts of Tests. 



After 15 minutes 
», 30 



» 



»» 
» 



Totals in one hour . 



Asbestos. 



Water Condensed 
in Inches. 



Kieselgiihr Com- 
position. 



Water Condensed 
in Inches. 



4 

3t 



2i 

2] 
2i 



u\ 



^ 



\ 
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KEFKICERATIOX AVD ICE-MAXIXG. 



KKiLLTS OF DiFFEREXT FjLFESLlMESJS OS THE 

iji:c'i iwiizs OF Various SrESTAxczs. — ilT. 

* Silicate Cirrrjn hetHjrisiem as idc 



Heat Cox- 

'. Cd&u,) 





I ir 




J ' 


• 




E.: 


■ 7S 


•41 


11 




«- 


^ mm 




- • 




• 


•^ 








u 


t ^i 

1 


? 


1 












i'OHsil rneal composition 


1 •• 


• ■ 


i •• 


ro 


('.nn*:ui with hair-felt . 


83 


• • 


t 


93 


Sjlirati; cotton or slag wool . 


100 


100 


100 


100 


i lair-fc-lt or fibruus composition 


• ■ 


"r 


114 


112 


I'apicr-machC- .... 


• • 


• • 


147 


III 


Kicvrljjuhr composition . 


• • 


136 


■ • 


112 


SawrluHt 


122 


163 


142 


•• 


Charcoal 


132 


140 


• • 


• • 


Cotton wool 


. • 


122 


• • 


• • 


ShcejiS* wool .... 


• • 


136 


. • 


•• 


I'jrift wf>od (across the grain) . 


150 


• • 


• • 


•• 


UrAiu 


. • 


• . 




• • 


Gasworks breeze or coal ashes 


240 


250 


299 


. • 


Asbestos 


229 


• • 


179 


• • 



JCXI'KRIMKNTS IJV T. B. LiGHTFOOT AND G. A. BeCKS. 

Experiment No. i. 

1 )uration of experiment, 48 hours. Average temperature 
of room or chamber, 90° F. 

A piece of ice 23 lbs. in weight was placed in a zinc box 
J 2 in. cube, and covered with 2 in. silicate cotton, this 
latter Ijcing provided with an outer cover, also of zinc. 
When the ice was taken out it weighed 10^ lbs., showing a 
loss of i2i lbs. 

12 j lbs. X 142 (latent heat of ice) = 1775 thermal units 
])asscd through in 48 hours. -^-|^ = 36*97 9 166 thermal 
units passed through in i hour. 

Difference in temperature between inner box and outer 
air = 58° F. -tt~ = o*^3 thermal unit transmitted per 
hour per degree difference in temperature. Area of zinc 
boxes : inner box, 6 sq. ft. ; outer, io*6 sq. ft. ; mean, 
/f'T sq. ft. 
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Thermal units transmitted through the three areas — 

0*63 o'6x 0*63 

• —F^ = o'io5, - --^ = 0*07, — ^ = 0*059 
••6 ^' 8-1 " IO-6 ^^ 

which being multiplied by 2 for the thickness of cotton, 
gives thermal units per hour, per degree difference in 
temperature, per square foot, per inch of thickness, as 
follows : o*2io inner tin, o*ii8 outer tin, o'i4 mean. 



Experiment No. 2. 

Duration, 48 hours. Average temperature of room, 
90° F. 

A piece of ice 26 lbs. in weight, covered with 6 in. of 
charcoal. When taken out it weighed yi lbs., showing a 
loss of i8J^ lbs. i8'5 X 142 = 2627 thermal units in 48 
hours. Hi^ = 5472 thermal units per hour, ^^'i^ = 0*94 
thermal units per hour, per degree difference in temperature 
between inner box and outer air. Area of tins : inner, box, 
6 sq. ft. j outer, 24 sq. ft. ; mean, 13*5 sq. ft. 

The number of thermal units transmitted per hour, per 
degree, per square foot — 

?194 = 0-15, ^ = 0-069, ^ = 0*039 
6 i3'5 24 

which being multiplied by 6 for the thickness of charcoal, 
gives thermal units transmitted per hour, per degree, per 
square foot, per inch of thickness; 0*90 inner tin, 0*234 
outer tin, 4*14 mean. 

Formula for ascertaining Units of Refrigeration (R) 

REQUIRED in 24 HoURS, TO CARRY OFF HeAT 
RADIATED THROUGH SQ. FT. (/) OF WaLL, FlOOR, 

and Ceiling. 

R =/«(/ - /i)HU 

HU = heat units of 772 ft. lbs., / = internal temperature, 
fi = external temperature, and- n = heat units transmitted 
per 24 hours per sq. ft of surface ioi ^\fete\ic& ^S. t? ^-5^^^% \ 
between internal and external tempei3X\xxe% 
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Transmission of Heat through various Insulating 
Structures. — {Starr, American Warehousemen's Assoc.) 



Insulating Structures. 



|-in. oak, paper, I -in. lampblack, J-in. pine 

(ordinary Stock family refrigerator) 
J-in. board, i-in. pitch, J-in. board 
Four J-in. spruce boards, two papers, solid, 

no air-space 
Two double boards and paper (four J-in. 

boards), and one air-space 
|-in. board, 2-in. pitch, J-in. board 
J-in. board, 2i-in. mineral wool, paper, 

J-in. board 
Two J-in. double boards, and two papers, 

i-in. hair felt 
Two J-boards and paper, i-in. sheet cork, 

two J-in. boards and paper 
J-in. board, paper, 2-in. calcined pumice, 

paper, and J-in. board . . 
Four double J-in. boards with paper between 

(eight boards), and three 8-in. air-spaces 
Hair quilt insulator, four boards, four quilts 

hair 
7-in. board, 6-in. pat. silicated straw-board, 

air-cell finished inside with thin layer of 

patent cement 
J-in. board, paper, 3-in. sheet cork, paper, 

J-in. board. . .. . . .. .. 

Two J-in. boards and paper, 8-in. mill 

shavings and paper, two J-in. boards and 

paper 
Same, slightly moist 
Same, damp . . . . • . . . 

Double boards and paper, i-in. air, 4-in. 

sheet cork, paper, J-in. board . . 
Same, with 5-in. sheet cork 
3-in. board, paper, i-in. mineral wool, paper, 

J-in. board. . 
Double boards and papers, 4-in. granulated 

cork, double boards and paper . . 



B. T. U. per 
sq. ft. per 

day per deg. 

of difference 
of tempera- 
ture. 



57 
4-90 

4-28 

371 
4*25 

3-62 

3'3i8 

3*30 

3*38 
27 

2-517 
2*48 

2'IO 

1*35 
I -80 

2*IO 

I '20 
0*90 

4-6 
17 



Meltage of 
ice in lbs. pec: 
day by hejitM 

coming 

through ic 

sq. ft. at a 

difference or 

40°. 



1607 
138*0 

I20'0 

105-0 
II97 

101*9 

93'4 
92-9 

95 '2 
76-0 

70-9 

69-8 
6o-o 

38-3 
50-7 

60-0 

33*6 
25*3 

130*0 
48*0 
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Walls for Cold Stores, 

The foUowiDg materials and dimensioDS have been re- 
commended for walls of cold chambers : — 

14 in. brick wall, 3^ in. air space, g in. brick wall, 
I in. layer of cement, i in. layer of pitch, 2 in. b>' 3 in. 
studding, layer of tar paper, i in. tongued and grooved 
boarding, 2 in. by 4 in. studding, i in. tongued and grooved 
board, layer of tar paper, and, finally, i in. tongued and 
grooved boarding, the total thickness of these layers or 
skins being 3 ft. 3 in. 

36 in. brick wall, 1 in. layer of pitch, r in. sheathing, 
4 in. air space, 3 in. by 4 in. studding, i in. sheathing, 

3 in. layer of mineral or slag-wool, a in. by 4 in. studding, 
and, finally, i in. sheathing ; total thickness, 4 ft 7 in. 

14 in. hnck wall, 4 in. pitch and ashes, 4 in. brick wall, 

4 in. air space, 14 in. brick wall; total thickness, 3 ft. 4 in. 

14 in. brick wall, 6 in. air space, double thickness of 
1 in. tongued and grooved boards, with a layer of water- 
proof paper between them, 2 in. layer of the best quality 
hair felt, second double thickness of i in. tongued and 
grooved boards, with a similar layer of paper between 
[hem ; total thickness, z ft. 2 in. 

14 in, brick wall, 8 in. layer of sawdust, double thickness 
of I in. tongued and grooved boards, with a layer of tarred 
waterproof paper between them, 2 in. layer of hair felt, 
second double thickness of i in. tongued and grooved 
boards, with a similar layer of paper between them; total 
thickness, 3 ft 4^ in. 

Brick wall, 3 in. scratched hollow tiles, 4 in. silicate 
cotton or slag-wool, 3 in. scratched hollow tiles, and layer 
of cement plaster. 

Brick wall, i in. ah spaces between fillets or strips, i in. 
tongued and grooved boarding, two layers of insulating paper, 
I in. tongued and grooved boarding, 3 in. by 4 ia studs, 
16 in. apart, spaces filled in with silicate cotton, 1 in. 
tongued and grooved boarding, two layers of insulating 
paper, air spaces between fillets, or strips i in. by 3 in. 
spaced 16 in, apart from centres, i in. tongued and grooved 
boarding, two layers of insulating paper, and i in. tongued 
-and grooved boarding. 



--r»J 



A3Z :cz-5L4Xiya 



Ir.a. zr 3cne t^IL t^ naEEi nt 'rr^r^ wici pfedi .or 
isnua^nmi. z jl. ly j jl ^rrri-nm^^ it iz. t ^^t^t;^> spaces 
irtnr titn fllei Ji -n:.i Tilinr* zzczxl. I ol. rot ^h tongned 
laii inr.^^ii :csir^-ng, m !a.7'2s TmT^rzrzci frtCTlating 
^iner. ; Ji. miiih r:ngiffii i^i' znc^yed -cardzi^. 2 ia by 
3 ji. iTufrinii i-L Ji. isurs at icaca lervcss. J m. rough 
-:ii:ric?i irui znc^^^i. icarii;!^ rvc IsETecs of waterproof 
Ji^r. .ir:rrg ^arer, ^ j:. nuip. icoried jzd zrccved boarding, 



1 z. :y ; iz. sniiiiir::^ jj. iz. ::s=tr2$ scaces between filial 
.- T-.~ ril'mr* iccciu ^ in. rsiari ncz^jsd and grooved 
":i:ariinx. tyz JLjtrs :c -varer^rzcc irsilidiig pa^)er, and 
; Ji. v.ciried mc zracv-sc ^,t tt- •carrrng. Paper to be 
^li :t:e-i*Lf lie 1:1c ^srrgridd i: ill '"jlhSw 

Itj-Jl ttlZ j iz. lir suace. 2 in. fiicknesses of tongued 
iz«l zzzcmd iiiarfs wJri riirse Liysrs q£ paper between, 

2 iz. iir srace. 2 iz. riickzesses of ranged and grooved 
'-car is w.ri ±ree Lijers :c pjizer becween, 2 m. air space 
2i:.i 2 iz- :r:r 'cresses cf tcur-ec ind zrooTed boards with 
tl-^te '^TiTs -f -a:;er betwsez- 

Erici wsZ Trsl ccared wi:ii picch, 2 lcl air space, 2 in. 
ll- ic'izesses of tocr-ed and zrooved boards with three layers 
cf paper '^etween, 2 in. space oiled with slag-wool or cork, 
2 in. thiciciesses of tongned and grooved boards, with three 
layers of paper between, 2 in. space filled with slag-wool 
or cork, 2 in. tricknesses of tongued and grooved boards 
with three layers of paper between. Shelving should be 
fixed horizontally in the spaces packed with slag-wool or 
cork at about 16 in. apart. 

Brick wall, i in. air space, f in. match-boarding, 9 in. 
slag-wool or silicate cotton, layer of insulating paper, and 
I in. match-boarding. 

Brick wall, i in. a'lr space, 6 in. slag-wool or silicate 
cotton, I in. silicate of cotton slab, layer of insulating paper, 
-^ in. air space, and f in. match-boarding. 

Jkick wall, I in. air space, i in. silicate of cotton slab, 
4 in. silicate of cotton, i in. silicate of cotton slab, \ in. 
air 8]>acc, and | in. match-boarding. 

]Jrick wall well coated with pitch, 2 in. air space, f in. 
tongued and grooved boarding, two layers of paper, ^ in. 
tongued and grooved boarding, 4 in. slag-wool or sihcate 
cotton, I in. tongued and grooved boarding, two layers of 
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paper, ^ in. tongued and grooved boarding, 2 in. air space, 
-^ in. tongued and grooved boarding, two layers of paper, 
sind ^ in. tongued and grooved boarding. 

Brick wall, 2 in. air space, f in. tongued and grooved 
boarding, two layers of paper, f in. tongued and grooved 
boarding, 2 in. air space, ^ in. tongued and grooved board- 
ing, two layers of paper, and f in. tongued and grooved 
boarding. 

Brick wall, 2 in. air space, -| in. tongued and grooved 
boarding, one layer of paper, 4 in. slag-wool or silicate 
cotton, ^ in. tongued and grooved boarding, one layer of 
paper, 4 in. air space, | in. tongued and grooved board- 
ing, two layers of paper, and | in. tongued and grooved 
boarding. 

Brick wall, layer of pitch, ^ in. tongued and grooved 
boarding, 2 in. air space, ^ in. tongued and grooved board- 
ing, one layer of paper, 3 in. cork dust, I in. tongued and 
grooved boarding, two layers of paper, and | in. tongued 
and grooved boarding. 

Brick wall, 2~ in. air space ventilated by air-bricks 
every 5 feet in all directions, i in. tongued and grooved 
boarding, layer of insulating paper, i in. tongued and 
grooved boarding, 12 in. charcoal supported by horizontal 
shelving 28 in. centres apart, i in. tongued and grooved 
boarding, two thicknesses of brown paper, and i in. tongued 
and grooved boarding. 

Wall of cold storage room when made of wood : 2 in. 
thicknesses of tongued and grooved boarding with three 
layers of paper between, 2 in. air space, 2 in. thicknesses 
of tongued and grooved boarding with three layers of paper 
between, 2 in. air space, 2 in. thicknesses of tongued and 
grooved boarding \i^th three layers of paper between, 2 in. 
air space, 2 in. thicknesses of tongued and grooved boarding 
with three layers of paper between, 8 in. slag-wool or silicate 
cotton, and i in. tongued and grooved boarding. 

2 in. boards, 5^ in. by 3 in. uprights, spaces between 
filled with carefully dried wood charcoal, i^ in. boarding, 
layer of insulating paper, and if in. boarding. 

Outside siding, two layers of insulating paper, i in. 
tongued and grooved boarding, 2 in. by 6 in. studdings, 
z6 in. apart from centres, i in. tongued and grooved boarding. 



I30 REFRIGERATION AND ICE-MAKING. 

two layers of insulating paper, i in. tongued and grooved 
boarding, 2 in. by 4 in. studding 16 in. apart from centres, 
spaces filled in with silicate cotton, i in. tongued and 
grooved boarding, two layers of insulating paper, 2 in. by 
2 in. fillets or strips 16 in. apart from centres, i in. tongued 
and grooved boarding, two layers of insulating paper, and 

1 in. tongued and grooved boarding. 

Divisional Partitions for Cold Stores. 

Tongued and grooved match-boarding, wire netting, 6 in. 
silicate of cotton or slag- wool, wire netting, tongued and 
grooved match-boarding. The object of the netting is to 
render the partition fire-proof by supporting the silicate of 
cotton after the match-boarding might have burnt away. 

^ in. match-boarding, \ in. air space, i in. silicate cotton 
slab, 4 in. of silicate of cotton or slag-wool, i in. silicate 
of cotton slab, \ in. air space, and i in. silicate of cotton 
slab. 

2 in. tongued and grooved boarding, with three layers of 
paper between, 2 in. silicate of cotton or cork, 2 in. tongued 
and grooved boarding with three layers of paper between, 

2 in. silicate of cotton or cork, 2 in. tongued and grooved 
boarding with three layers of paper between. 

-} in. tongued and grooved boarding, two layers of paper, 
-I in. tongued and grooved boarding, 4 in. silicate cotton 
or slag-wool, ^ in. tongued and grooved boarding, 2 in. air 
space, I in. tongued and grooved boarding, two layers of 
paper, and ^ in. tongued and grooved boarding. 

I in. tongued and grooved boarding, two layers of paper, 
l- in. tongued and grooved boarding, 6 in. silicate of cotton 
or slag-wool, ^ in. tongued and grooved boarding, two 
layers of paper, | in. tongued and grooved boarding, 2 in. 
air space, | in. tongued and grooved boarding, two layers 
of paper, and | in. tongued and grooved boarding. 

I in. tongued and grooved boarding, 2 in. silicate cotton 
or slag-wool, ^ in. tongued and grooved boarding, 2 in. air 
space, f in. tongued and grooved boarding, two layers of 
paper, and f in. tongued and grooved boarding. 

^ in. tongued and grooved boarding, two layers of paper, 
^ in, tongued and grooved boarding, 2 in. air space, i in. 
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tongued and grooved boarding, two layers of paper, and 
^ in. tongued and grooved boarding. 

i in. tongued and grooved boarding, two layers of paper, 
-} in. tongued and grooved boarding, 8 in. silicate cotton or 
slag-wool, J in. tongued and grooved boarding, two layers 
of paper, and J in. tongued and grooved boarding. 

i in. tongued and grooved boarding, two layers of paper, 
i in. tongued and grooved boarding, 4 in. silicate cotton or 
slag-wool, i in. tongued and grooved boarding, two layers 
of paper, and } in. tongued and grooved boarding. 

^ in. tongued and grooved boarding, two layers of paper, 
^ in. tongued and grooved boarding, 2 in. hair felt, -J in. 
tongued and grooved^boarding, 2 in. silicate cotton or slag- 
wool, i in. tongued and grooved boarding, two layers of 
paper, and | in. tongued and grooved boarding. 

Flooring for Cold Stores. 

2 in. flooring, two layers of paper, -J in. tongued and 
grooved boarding, 2 in. air space between fillets or scant- 
lings, J in. tongued and grooved boarding, 12 in. joists, 
spaces between packed with silicate cotton or slag-wool, 
5 in. tongued and grooved boarding, two layers of paper, 
^ in. tongued and grooved boarding, 2 in. air space between 
fillets and scantlings, f in. tongued and grooved boarding, 
two layers of paper, and -} in. tongued and grooved 
boarding. 

2 in. cement, 3 in. concrete, | in. tongued and grooved 
boarding, two layers of paper, 2 in. flooring, 4 in. silicate 
cotton between fillets or scantlings, -J- in. tongued and 
grooved boarding, two layers of paper, and 2 in. flooring 
boards on fillets or scantlings set in concrete. 

2 in. asphalte, ^ in. tongued and grooved boarding, two 
layers of paper, | in. tongued and grooved boarding, 2 in. 
air space between scantlings, ^ in. tongued and grooved 
boarding, 3 in. silicate cotton or slag-wool between fillets 
or scantlings, | in. tongued and grooved boarding, 2 in. air 
space between fillets or scantlings, concrete. 

I in. asphalte, 2 in. concrete, i in. pitch, 2 in. concrete, 
brick arches. 

i\ in. tongued and grooved flooring, layer of insulating 
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paper, 2 in. by 9 in. joists, 12 in. centres apart, spaces 
filled with silicate cotton or slag-wool, wire netting, layer 
of insulating paper, f in. match-boarding on 2 in. by 2 in. 
fillets or scantlings air spaces between, existing wooden or 
concrete flooring. The wire netting secured to the under 
side of the joists serves to retain the silicate cotton in case 
of fire. 

1 in. tongued and grooved boarding, three layers ot 
insulating paper, i in. tongued and grooved boarding, 2 in. 
by 9 in. joists, spaces between filled in with silicate cotton 
or cork, i in. tongued and grooved boarding, three layers 
of insulating paper, and i in. tongued and grooved 
boarding. 

15- in. tongued and grooved flooring, layer of insulating 
paper, 2 in. by 9 in. joists, 12 in. centres apart, spaces 
between filled in with silicate cotton or slag-wool, i in- 
silicate cotton slab on ^ in. by 2 in. fillets air spaces 
between, and f in. match-boarding. The i in. silicate of 
cotton slab is nailed on the under side of joists and is 
claimed to render the floor fire-proof, and to prevent 
radiation through the joists. 

2 in. matched flooring, two layers of insulating paper, 

I in. matched sheathing, 4 in. by 4 in. sleepers 16 in. 
apart from centres, spaces between filled in with silicate 
cotton, double i in. matched sheathing with twelve layers 
of paper between, and 4 in. by 4 in. sleepers 16 in. apart 
from centres imbedded in 12 in. of dry underfilling. 

Ground, concrete, layer of asphalte, i in. tongued and 
grooved match-boarding well tarred, two layers of stout 
brown paper, i in. tongued and grooved match-boarding, 
floor joists 3 in. by 11 in. spaced 21 in. apart, binder joists 

II in. by 4 in., bearing edges of floor joists protected by 
strips of hair felt \ in. thick and spaces between joists filled 
in with flake charcoal, and i^- in. tongued and grooved 
flooring boards. 

As a further example of methods that have been actually 
successfully employed for insulation, it will be interesting 
to know that the cold storage chambers built at the St. 
Katherine Dock, London, were constructed as follows : — 

On the concrete floor of the vault, as it stood originally, 
a covering of rough boards 1^ in. in thickness were laid 
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longitudinally. On this layer of boards were then placed 

transversely, bearers formed of joists 4J in. in depth by 

3 in. in width, and spaced 21 in. apart. These bearers 

supported the floor of the storage chamber, which consisted 

of 2j^ in. battens tongued and grooved. The 4 J in. wide 

space or clearance between this floor and the layer or 

covering of rough boards upon the lower concrete floor was 

filled with well-dried wood charcoal 

Flooring for Ice Houses. 

Floor to incline 3 in. towards central drain, and cross 
channelled flllets or scantlings on i^ in. flooring, 2 in. 
cement, 6 in. concrete, ground. 

I in. tongued and grooved match-boarding, three layers 
of paper, i in. tongued and grooved match-boarding (to 
incline 3 in. towards central drain) on flllets or scantlings, 
air spaces between, i in. tongued and grooved match- 
boarding, three layers of paper, i in. tongued and grooved 
match-boarding, 2 in. by 9 in. joists spaces between filled 
with 4 in. silicate of cotton or slag-wool kept in position by 
I in. boards secured by cleats to joists. 

Ceilings for Cold Stores and Ice Houses. 

I in. tongued and grooved match-boarding, three layers 
of insulating paper, i in. tongued and grooved match- 
boarding, 2 in. air spaces between strips or flllets, i in. 
tongued and grooved boarding, three layers of insulating 
paper, i in. tongued and grooved boarding, joists spaces 
between filled with silicate cotton or cork, i in. tongued 
and grooved match-boarding, three layers of insulating 
paper, and i in. tongued and grooved match-boarding. 

Insulated flooring, joists, -I in. tongued and grooved 
match-boarding, two layers of insulating paper, |^ in. 
tongued and grooved match-boarding, 2 in. spaces between 
strips or flllets flUed in with silicate cotton or cork, f in. 
tongued and grooved match-boarding, three layers of in- 
sulating paper, and | in. tongued and grooved match- 
boarding. 

I in. tongued and grooved boarding, two thicknesses of 
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brown paper, i in. tongued and grooved boarding, joists 
with spaces between packed with silicate cotton, i in. 
tongued and grooved boarding, Willesden paper, and i in. 
tongued and grooved boarding. 

Concrete floor, 3 in. book tiles, 6 in. dry underfilling, 
double space hollow tile arches and layer of cement plaster. 

Double I in. floor with two layers of insulating paper 
between, 2 in. by 2 in. strips or fillets 16 in. apart firom 
centres, spaces filled in with silicate cotton, two layers of 
insulating paper, i in. tongued and grooved match-board- 
ing, 2 in. by 2 in. strips 16 in. apart, spaces filled in with- 
silicate cotton, two layers of insulating paper, i in. tongued 
and grooved match-boarding, joists and double i in* 
flooring with two layers of insulating paper between. 



Door Insulation. 

I in. tongued and grooved match-boarding, three layers 
of insulating paper, i in. tongued and grooved match- 
boarding, 2 in, by i in. fillets or strips, with spaces between 
filled in with silicate cotton or cork, i in. tongued and 
grooved match-boarding, three layers of insulating paper, 
I in. tongued and grooved match-boarding, 2 in. by i in. 
fillets or strips, spaces between filled in with silicate cotton 
or cork, i in. tongued and grooved match-boarding, three 
layers of insulating paper, and i in. tongued and grooved 
match-boarding. 

I in. tongued and grooved match- boarding, two layers of 
insulating paper, i in. tongued and grooved match-boarding, 
1 2 in. space filled in with silicate cotton, i in. tongued and 
grooved match-boarding, two layers of insulating paper, and 
I in. tongued and grooved match-boarding. 



Window Insulation. 

Windows are better dispensed with in cold stores and 
artificial light resorted to*, ■vJVvei^ ^\es»txi\.^ l\vtee sashes 
spaced a few inches apart and ^^.x^d ^\.\iQ!Ccs.i\^^^^^^^ 
be used. 
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Tank Insulation. 



Tank sides: 4 in. air space between studding, i in. 
tongued and grooved match-boarding, three layers of 
insulating paper, i in. tongued and grooved match-board- 
ing, 4 in. space filled with cork, i in. tongued and grooved 
match-boarding, three layers of insulating paper, i in. 
tongued and grooved match-boarding, 2 in. air space, i in. 
tongued and grooved match-boarding, three layers of 
insulating paper, and i in. tongued and grooved match- 
"boarding. Bottom : i in. space between strips, fillets or 
studding, well tarred before tank is placed in position, i in. 
tongued and grooved match-boarding, three layers of in- 
sulating paper, i in, tongued and grooved match-boarding, 
I in. air space between strips, fillets or studding, i in. 
tongued and grooved match-boarding, three layers of 
insulating paper, i in. tongued and grooved match-boarding, 
and 2 in. by 9 in. joists on concrete or ground spaces 
between filled with cinders. 

Tank : 2 in. air space between fillets, ^ in. tongued and 
grooved match-boarding, two layers of insulating paper, 
J in. tongued and grooved match-boarding, 4 in. silicate 
cotton or slag-wool, |^ in. tongued and grooved match- 
boarding, two layers of insulating paper, and -} in. tongued 
and grooved match-boarding. 

Tank : 2 in. air space between studding, layer of in- 
sulating paper, 2 in. flooring, two layers of insulating paper, 
I in. tongued and grooved boarding, joists, spaces between 
filled with charcoal for three-quarters depth, ^ in. tongued 
and grooved match-boarding, two layers of insulating paper, 
I in. tongued and grooved match-boarding, ground or 
concrete. 



SECTION V. 

TESTING AND MANAGEMENT OF REFRI- 
GERATING MACHINERY. 

Testing. 

The testing of a refrigerating plant is carried out for the 
purpose of ascertaining what it is capable of performing 
under comparable normal conditions, and as to the amount 
of refrigeration produced in relation with the expenditure of 
work, and the coal consumption. 

To determine the efficiency of an installation on the 
compression system, the following instruments and fittings 
are required, viz. : An indicator, so that diagrams can be 
taken from the compressor ; stroke counters, to enable the 
number of strokes made by the steam-engine and brine 
pumps to be ascertained; and mercury wells to admit of 
the temperature being obtained at various points through- 
out the system. 

In making a test it is desirable that it should last at the 
very least for fully 12 hours, and it is better to carry 
it on for 24 hours. The number of readings which 
it is desirable should be taken from the various in- 
struments will vary in accordance with whether or not 
the work is steady or otherwise, and the person carrying 
out the test will have, of course, to use his own judgment 
on this head. Where artificial ice is made, for example, 
twice an hour will be sufficient, whilst on the other hand, 
four or more readings per hour should be taken in cases 
where the variation in the temperature of the materials to 
be cooled is wide. Indicatoi dia^x^xfts ^ovl5A V>fe taken 
from both the steam-engine cyYmdex ^xi.^ >i)cve c«TO.\iwsaftx 
cylinder every two hours. 
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A mercury well, for an horizontal pipe, when the latter 

^s of suflficient dimensions, consists usually in a short piece 

^f tubing closed at its lower end, and fitted into the pipe 

t>y means of a suitable bushing. It is filled about three 

Pa.Tts full of mercury, and the thermometer, which should 

'^a.ve an elongated cyclindrical bulb, is held in position 

^Herein by means of a perforated cork. For vertical pipes, 

^x- pipes of very small dimensions, where this arrangement 

^^ould be impracticable, the well is generally formed by 

■*^eans of a wooden or other block, one side of which is 

^Viaped to the outline of the pipe to which it is to be 

^J)plied, and has a suitable recess formed therein. This 

ti lock is firmly secured against the pipe by metal strips in 

^Tich a manner that a portion of the wall of the well will 

V^e formed by the pipe, the latter being scraped perfectly 

^^lean at that part The joint between the block and the 

l^ipe must be made perfectly tight, which can easily be 

effected by means of a little white-lead paint, there being 

"^o pressure, and the whole should be surrounded by a 

thick layer of non-conducting composition, through which 

the stem of the thermometer is permitted to project 

The points in the system where it is desirable to locate 
the mercury wells are: The suction pipe just at its 
connection with the compressor; the discharge pipe, as 
dose as possible to its connection with the compressor; 
the ammonia discharge pipe from the condenser, as near 
the latter as practicable. Where a brine circulation is 
employed: The pipe or manifold supplying the various 
coils or sets of pipes in the refrigerator ; the discharge pipe 
of the refrigerator ; the brine discharge pipe, at the point 
where it connects to the refrigerator ; and the brine return 
pipe in proximity to where it connects with the refrigerator. 

Interpretation of Compressor Diagram. 

The interpretation of a compressor diagram with respect 
to the working, valves, defects, etc., of the latter are given 
as follows by Hans Lorenz, in " Neuere Kuehlmaschinen," 
Muenchen and Leipzig, 1899. 
Assuming all the parts of t\ie macYCme \.^ \i^ \^ '^^'^^ 
order, then the diagram will have iVve jesi^^X ^v^^'^^^^^ 
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shown in Fig. 23. The suction line S is only slightly below 
the suction pressure line V, and the pressure line D is 
only slightly above the condenser pressure K. Small 
projections at the pressure and suction line indicate the 
work required to open the compressor valves, and the effect 
of clearance is shown by the curve R, which latter cuts 
the back pressure line after the piston has commenced to 
perform its return or back stroke, and consequently reduces 
the suction volume to that amount. It can also be seen 
from this diagram that the vapours are taken in by the 
compressor, not at the back pressiu-e, but at what may 
be adled the suction pressure, which is somewhat lower. 
This is the reason that the compression curve C does not 
intersect the back pressure line until after the piston has 
changed its direction of movement The theoretical 
volume of the compressor, as indicated by the line V, is 
consequently reduced in practical working for vapours 
possessing a certain tension. 

In Fig. 24 is shown a diagram taken from a compressor 
having an excessive amount of clearance. In this case, it 
will be seen, the back expansion line R passes through a 
flat course, and thereby reduces the useful volume of the 
compressor. 

Fig. 25 is a diagram which indicates the binding of the 
pressure valve, which may be due to an inclined position 
of the guide rod of the valve. This deficiency also fre- 
quently causes a delay in the opening of the pressure 
valves, a state of things indicated by a too great projection 
in the pressure line. As soon as the valve is once opened 
the pressure line pursues its normal course until the piston 
commences its return stroke, when the defect is again 
manifested in the back pressure line, as mentioned. 

Fig. 26 shows a diagram indicating too great a resistance 
in the pressure and suction pipes respectively, when the 
valves are over-weighted. In this case the pressure and 
suction line are at a comparatively great distance from the 
condenser pressure line and the back pressure line. The 
remedy for this is to replace the valve springs by weaker 
ones ; and should there be then no marked effect, then the 
pipe-lines and shutting-off valves should be inspected, and, 
if found necessary, cleaned. 
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Fig. 23. — ^Diagram from Compressor with all parts in good order. 




Fig. 24. — ^Diagram from Compressor with excessive amount of clearance. 




Fig. 25. — Diagram from Compressor indicating the binding of the Pressure Valve. 




Fig. 26.— Diagram from Compressor indicatine too great a resistance in 

the Pressure and Suction \sd\«%. 
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Fig. 27.— Diagram from Compressor indicating the binding of the Suction Valve. 




Fig. 28.— Diagram from Compressor indicating leaking of Compressor Valves. 







Fig. 2g.— Diagram from Compressor indicating Defective Packing of Piston. 



\ 
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Pig. 27 indicates the binding of the suction valve by which 

^ considerable debline is caused in the pressure at the 

■^^ginning of the suction, which is consequently shown by 

^1:1 increased projection in the commencement of the suction 

line. At the beginning of compression this defect makes 

itself felt by causing a delay in the latter, which effect is 

a.Iso shown on this diagram. 

Fig. 28 shows leaking of the compressor valves. In this 
diagram the projections in the compression and suction 
line do not appear, but the compression line gradually 
xnerges into the pressure line, and the back expansion line 
passes gradually into the suction line. If the leak in the 
pressure valve is the predominant one, then the compres- 
sion curve will be almost in a straight line and very steep ; 
if, on the contrary, the leak in the suction valve is the 
predominant one, then the compression line will run a 
xather flat course. 

Fig. 29 indicates that the piston is not well packed, and, 
being leaky, the vapours are permitted to pass from one 
side of the piston to the other, thus causing a very gradual 
compression, and as a result a compression line having a 
flat course. On the other hand, a longer time will.be taken 
before the suction line reaches its normal level on the 
return or backward stroke, inasmuch as the suction valve 
is prevented from opening until such time as the velocity 
of the piston becomes such that the amount of vapours 
leaking past the piston is insufficient in amount to fill the 
suction space. The pressure then gradually diminishes and 
the suction valve then begins to act, as is shown on the 
diagram. 

It is to be understood that several of the defects above 
mentioned may exist at the same time. 

Management of Ammonia Compression Machines. 

Every particular type of machine working on this prin- 
ciple has, as a rule, certain distinctive or characteristic 
features, and will, of course, so far at least as these are 
concerned, require special care and adjustment, and it 
would consequently be totally vDOjo^s&Afc \a \^ ^^^\s. %»^ < 
arbitrary set of rules for woikmj xYvaX. ^ wSA.\ifc ^\i^i!^^ "« 
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all; nor is this necessary or required, as full particulars 
relating to the manipulation of each particular machine 
are invariably supplied by the makers. The following 
points, however, are more or less applicable to all machines 
working on the ammonia compression principle, and should 
therefore be familiar to those in charge of the same. 

Before charging an empty machine with anhydrous 
ammonia, all air must first be carefully expelled. This is 
effected by working the pumps so as to discharge the air 
through special valves which are usually provided on the 
pump dome for that purpose. 

The entire system should have been previously to this 
thoroughly tested by working the compressor, and per- 
mitting air to enter at the suction through the special 
valves provided for that purpose, and it should be perfectly 
tight at 300 lbs. air pressure on the square inch, and should 
be able to hold that pressure without loss. Whilst testing 
the system under air pressure, it should be also carefully 
blown through and thoroughly cleansed from all dirt, every 
trace of moisture being also removed. 

It is totally impossible to eject all air from the plant by 
means of the compressor, therefore it is advisable to insert 
the requisite charge of ammonia gradually and not all at 
once, the best practice being to put in from 60 to 70 per 
cent, of the full charge at first, and cautiously permit the 
air still remaining to escape through the purging-cocks 
with as little loss of gas as possible, subsequently inserting 
an additional quantity of ammonia once or twice a day, 
until all the air has been got rid of by displacement, and 
the complete charge has been introduced. 

To charge the machine, the dryer or dehydrator of the 
apparatus for manufacturing or generating anhydrous am- 
monia, or where no such apparatus is included in the 
installation, the drum or iron or steel flask of anhydrous 
ammonia should be connected, through a suitable pipe, 
to the charging valve; the expansion valve must be then 
closed, and the valve communicating with the dryer or 
dehydrator, or that in the flask or bottle, opened. The 
machine should be run at a slow speed when sucking 
ammonia from the drier, or whilst the flask is being 
^motied, with the discharge and suction valves full open. 
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In the latter case, when one of the said flasks or bottles 
has been completely emptied, it must be removed, the 
charging-valve having been first closed, and another placed 
in position, until the machine is sufficiently charged to 
work, when the charging-valve should be finally closed, 
and the main expansion valve opened and regulated. A 
glass gauge upon the liquid receiver will show when 
the latter is partially filled, and the pressure gauges, and 
the gradual cooling of the brine in the refrigerator (in the 
case of a brine circulation or ice-making apparatus), and 
the expansion pipe leading to the refrigerator coils becoming 
covered with frost, indicate when a sufficient amount to 
start working has been inserted. 

It is sometimes advisable to slightly warm the vessels 
or bottles containing the anhydrous ammonia by means 
of a gas jet, or in some other convenient manner, whilst 
transferring their contents to the machine, as otherwise, 
if frost forms on the exterior of the said bottles, they 
will not be completely discharged, and loss of ammonia 
will ensue. 

The flasks, bottles, or other receptacles containing the 
anhydrous ammonia should be always kept in a tolerably 
cool and a perfectly safe situation, and they should more- 
over be moved and handled with the utmost caution and 
care. 

In the event of an accident occurring, and any con- 
siderable quantity of the ammonia becoming spilt, it is 
well to remember that it is so extremely soluble in water 
that one part of the latter at a temperature of 60° Fahr. 
will absorb some 800 parts of the ammonia gas, therefore 
water should be employed to kill or neutralise it, and any 
person attempting to penetrate an atmosphere saturated 
with this gas should not fail to place a cloth well saturated 
with water over his nose and mouth. 

The machine having been started, and the regulating 
valve opened, it is essential to note carefully the tempera- 
ture of the delivery pipe on the compressor, and if it shows 
a tendency to heat, then the said regulating valve must be 
opened wider; whilst, on the contrary, should it become 
coldy this valve must be slightly closed, the regulation 
or adjustment thereof being continued until the normal 
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temperature of the delivery pipe is the same as that of the 
cooling water leaving the condenser. When the charge of 
ammonia in the machine is insufficient, the delivery pipe . 
will become heated, and that even when the regulating 
valve is wide open. 

There are many additional signs of the healthy working 
of the apparatus other than the fact that it is satisfactorily 
performing its proper refrigerating duty, which soon become 
easily recognisable to those in charge ; for example, every 
stroke of the piston will be clearly marked by a corre- 
sponding vibration of the pointers or indexes of the pressure 
and vacuum gauges. The frost visible on the exterior of 
the ammonia pipes leading to and from the refrigerator will 
be about the same. The liquid ammonia can be distinctly 
heard passing in a continuous and uninterrupted stream 
through the regulating valve. The temperature of the 
condenser will be about 15° higher than that of the cooling 
water running from the overflow. And finally, the tem- 
perature of the refrigerator will be about 15° lower than 
the actual temperature of the brine or the water being 
cooled. 

Air will find its way into the system through leaky 
stuffing-boxes, improper regulation of the expansion valve, 
etc. Its presence in any considerable volume is shown 
by a kind of whistling noise, the liquid ammonia passmg 
through the expansion valve in an intermittent manner, a 
rise of pressure in the condenser, and also loss of efficiency 
thereof, and other obvious signs. In this case the above air 
must be got rid of through the purging-cocks in a similar 
manner to that which remains in the system when first 
charging the machine. 

The presence of any considerable amount of oil or water 
in the system, which may result from careless distillation, 
will cause a reduction in efficiency, and will be evidenced 
by shocks within the compressor cylinder. 

The temperature can be regulated either by running 
the machine at a higher speed or by increasing the back 
pressure, or by a combination of both. The back pressure 
can be regulated by means of an expansion valve or valves 
fitted between the receiver and the refrigerator evaporating 
coils or pipes in the main liquid pipe. 
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Leaks in Ammonia Apparatus. 

Leaks are readily detected by the smell of the escaping 
ammonia gas when the machine is being filled ; at a later 
stage, when working, their detection is not so easy. During 
the operation of the machine, when the liquor or brine in 
the tanks commences to smell of ammonia, it indicates a 
[considerable leakage. It is recommended to test the 
liquor or brine periodically with Nessler*s solution or 
otherwise. 

Nessler's reagent, which is the best to use for the dis- 
covery of traces of ammonia in water or brine, consists of 
17 grms. of mercuric chloride dissolved in about 300 cc 
of distilled water, to which are added 35 grms. potassium 
iodide dissolved in 100 cc. of water, and constantly stirred 
until a slight permanent red precipitate is produced. To 
the solution thus formed are added 120 grms. of potassium 
hydrate dissolved in about 200 cc. of water, allowed to cool 
before mixing ; the amount is then made up to i Itr., and 
mercuric chloride added until a permanent precipitate again 
forms. After standing for a sufficient time, the clear 
solution can be placed in glass-stoppered blue bottles and 
kept in a dark place. 

If a few drops of this reagent be added to a sample of 
the suspected brine or water in a test-tube, or other small 
vessel, and the slightest trace of ammonia is present, a 
yellow colouration of the liquid will take place; a large 
quantity of ammonia will produce a dark-brown. 

When the leaks are comparatively insignificant they can 
be closed in the usual way, by solder, using as a flux 
muriatic or hydrochloric acid killed with zinc In some 
instances electric welding may be resorted to with advantage, 
or the leak may be closed by means of a composition of 
litharge and glycerine mixed into a stiff paste, bound with 
sheet-rubber, and covered with sheet-iron clamped firmly in 
position. When, however, the leak is at all serious, it is 
usually the better plan to at once put in a new coil, or a 
new length of pipe. 

Leaks in Carbonic Acid Machines. 
To detect these, smear the joints with a solution of soap 
and water, and any leakage of gas will be evidenced by the 
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formation of bubbles. Carbon dioxide or carbonic acid 
being a completely inodorous gas, precautions are required 
to prevent the unnoticed occurrence of leakage. 

Before closing this chapter, a few words upon the excess 
condensing pressure invariably found in ammonia com- 
pression machines will not be out of place. This excess 
of the actual working condensing pressure over the theo- 
retical is caused by the ammonia gas being imprisoned in 
the comparatively confined space afforded by the coils ot 
])ipcs in the refrigerator, and the excess pressure is mor^ 
marked in a horizontal compressor running at a high spee<3- 
of, say, 140 revolutions per minute, than it is in vertic^ 
ones having only a low speed of from 35 to 60 revolutioa^ 
per minute ; it varies, moreover, in almost every make c^* 
compressor. At a low suction pressure of about 15 lbs. i** 
should not be more than 10 lbs., but with a suction pressure 
of, say, 27 or 28 lbs. it may rise to 50 lbs., or even more. 

The condensing pressure affords a means of ascertaining' 
whether or not the apparatus contains the proper full charge 
of ammonia, or if the losses sustained by leakage ar^ 
sufficient to render it necessary to insert an additionai 
supply. For this reason it is advisable for the person in 
charge to keep a record in a proper book, suitably ruled 
for the purpose, of the temperature of the condensed 
ammonia when leaving the condenser, and also of the 
condensing and suction pressures, at regular intervals of, 
say, three hours. This will enable him to follow the state 
of the ammonia charge; for example, if the condensing 
pressure is found to be gradually falling during a three 
months* period, as compared with the average condensing 
pressure of the previous three months, whilst at the same 
time the condensing temperature and the suction pressure 
remain constant, it will be evident that the charge of 
ammonia has become reduced by leakage to a sufficient 
extent to require replenishing. This reduction in the 
condensing pressure is caused by the diminution in the 
charge of ammonia giving larger condenser space, the gas 
having thus a much more extended worm, coil, or tube 
space wherein to condense and liquefy, and hence the 
decrease. As a general rule, it may be taken that^ when- 
ever the condensing pressure is found to have fallen about 
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8 lbs., enough ammonia to restore the original condensing 
pressure should be inserted into the machine. 

Lubrication of Refrigerating Machinery. 

This important point is apt to be as much neglected by 
users of refrigerating machinery as it is by those of other 
types of machinery. It would be well for these gentlemen 
to at once dismiss from their minds the idea that low-priced 
inferior quality oils are really the cheapest, and understand 
that, on the contrary, not only are high-grade oils necessary 
to ensure the highest efficiency of the machinery, but that 
they are also the least expensive in the long run. 

In refrigerating machinery the use of three different kinds 
of oil is demanded, viz. steam cylinder oil ; oil for general 
use ; and compressor pump oil : — 

Oil for the steam cylinder. Good cylinder oil is entirely 
free from grit, does not gum up the valves and cylinder, 
and does not evaporate rapidly on exposure to the heat of 
the steam. The quality of a cylinder oil is demonstrated 
on removal of the cylinder head. If the oil is of good 
quality, the wearing surfaces should appear well coated with 
lubricant, which will not show a gummy deposit, or blacken 
on the application of clean waste. 

Oil for general use on all the bearings and wearing surfaces 
of the machine proper : This may be any oil that will not 
gum, is not too limpid, possesses a good body, is free from 
grit and acids, is of good wearing quality, and flows freely 
from the oil-cups at a fine adjustment without a tendency 
to clog. For the larger bearings it is well to use a heavier 
grade of oil. 

Oil for use in compressor pumps : This should be what 
is known as zero oil, or cold test oil, that is to say, it 
should be capable of withstanding a very low temperature 
without freezing, and it should be of the best quality. 
American makers recommend the use of the best paraffin 
oil, and clear West Virginia crude oiL 
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Lighting Cold Stores. 

It is desirable that daylight should not be allowed to enter 
I cold store, and therefore artificial light is usually resorted 
:o, electric light being invariably employed, owing to there 
Deing practically an absence of heat therefrom. 

Incandescent lamps should be always used inside the 
:old stores, but arc lamps may be placed, if desired, in the 
engine-room, and employed for the external lighting of the 
premises. Lower voltage lamps are the most durable, and 
serve the purpose quite as well as those of a higher voltage. 

The mains should be kept as far as practicable in the 
:orridors, and tinned cables of high conductivity and with 
.libber insulation should preferably be employed. 

Iron piping, steel conduits, or wood casing, may be used 
for carrying the main cables, the latter being the cheapest 
both in cost of material and in fixing, and also lending 
itself more readily to any subsequent alterations that may 
become necessary. Steel conduits, however, possess several 
important advantages. The steel-armoured insulating con- 
duit material now much used is installed in a similar manner 
to ordinary gas-pipe construction, the principal difference 
in electric piping being that specially insulated boxes, 
bends, elbows, etc., are substituted for the ordinary tees or 
angles of a gas-pipe system. The use of the conduit system 
ensures a mechanically and electrically protective duct for 
the installation of the electric conductors. 

When wood casing is used, the interior should be painted 
with asbestos paint, and the cover fixed with brass screws 
on each edge, not in the central fillet. 

Iron piping has an internal lining of suitable insulating 
material, and is, as a rule, coated with a bituminous com- 
pound of some description intended to act as a preservative. 

There are two systems of carrying out wiring now in use, 
viz. the tree system, and the distributing-board system. 

In the first of these, or the tree system, two main cables 
are carried through the building, the branch circuits being 
all taken from these cables or mains. In the second, or 
distributing-board system, a main switchboard is placed close 
to the dynamo, from which main switchboard cables are 
carried to supplementary distributing boards located at 
convenient points, fi-om which Ae lam^s ^x^ V\x^^* 
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An obvious advantage of this latter plan is that all the joints 
are readily get-at-able, being at the distributing boards and 
fittings. The insulation of the cable is left completely intact 

In fixing wood casing all joints should be united, and no 
sharp edges or corners left for the cable to pass over. The 
casing is ordinarily secured by screws to the walls, floors, 
and ceilings, and either on the surface, partially sunk, or 
sunk flush therewith. In very damp situations, however, 
the casing should be supported, so as to be clear of the 
surfaces, by means of small porcelain insulators. 

The circuits may be arranged either on the series system or 
on the parallel arrangement, the latter being the most common, 
and the former being, as a rule, only employed where a number 
of arc lamps are used. The series circuit and parallel circuit 
are shown in the diagrams (Figs. 30 and 31), the dynamos, 
main cables, lamps, and switches being indicated thereon. 

In the series circuit the current is maintained constant 
in value, the difference in pressure varying with the work 
on the circuit 

In the parallel circuit all the lamps are connected as separate 
paths between the two main leads, each path being quite 
independent of the other paths. The difference of electrical 
pressure is maintained constant, the current varying with the 
work that is on the circuit The switching off of a lamp 
causes a break in the wires connecting the lamp to the circuit 
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SECTION VI. 
GENERAL TABLES AND MEMORANDA. 

Experiments in Wort Cooling. 

The following tabulated experiments of the performance 
of a tubular refrigerator for wort .cooling are gleaned from 
Mtigiiufring. The water and wort are moved in opposite 
directions, the former through thin metallic tubes, which 
are surrounded by the wort to be cooled : — 
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Table showing the Tension of Aqueous Vapour ii* 
Millimetres of Mercury, frou —30° C. to 230° C- 
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Table showino Fkopbkties of Satukatkd Stkam.— Kir;)t». 
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Xable showing Properties of Saturated Steam. — Yaryan, 

Continued, 
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Heat of Combustion of Various Fuels. 









Total 


Equivalent 
Evaporative 




Air Chemically 


Heat of 


Power, from 


Fuel. 


Consumed 


Combustion 


and at 212° 




per lb. of Fuel. 


of I lb. 


F., Water 








of Fuel. 


per lb. ot 
Fuel. 






Cub Ft. 








lbs. 


at62«» 
F. 

156 


Units. 


lbs. 


Asphalt 


. 11-85 


17,040 


1764 


Coal of average composition 


107 


140 


14,700 


15*22 


Coke 


. 10-81 


142 


13*548 


14*02 


Lignite 


. 8-85 


146 


13.108 


13*57 


Peat, desiccated 


7-52 


99 


. 12,279 


1271 


Peat, 30 per cent, moisture. 


. 5-24 


69 


8,260 


9*53 


Peat charcoal, desiccated . 


9-9 


130 


12,325 


1276 


Petroleum 


. 14*33 


188 


20,411 


2113 


Petroleum oils 


. 17*93 


235 


27,531 


28-50 


Straw 


4*26 


5<> 


8,144 
13,006 


8*43 


Wood charcoal, desiccated . 


9*51 


125 


13-46 


Wood, desiccated . . 


6*09 


80 


10,974 


11-36 


Wood, 25 per cent, moisture 


J 4*57 


60 


7,951 


8-20 


Coal gas, per cubic foot 2 


It 








62° F 


• 


— • 


630 


070 



Percentages, Handy Rule. 

Regard percentages as a decimal fraction, and with it 
multiply the whole number wanted. For example, 16 
per cent, of 80 is 80 x o-i6 = 12*8. 



l6o refrigeration and ice-making. 
Specific Heat of Water at Various Temperatures. 







UpiuofHut 


. 




UniuofHea - 


"i^^^"" 


^gSf= 




T«mKni- 
tuce.^g. 


'TJt 


W.Urfimil 


12= 


I 0000 


0000 


248° 


I-OI77 


2i7-+(9 




rooos 


i8'oo4 




1-0204 


a35-79i 






36018 


284 


1-0232 






54'(H7 




1-0262 


Z72'628 


104 


1-0030 


72-090 




1-0294 


291-132 




I 0042 




338 


10328 


309-690 , 


140 


1-0056 


ioS'247 


356 


1-0364 


328-310 ,' 






126-378 




I 0401 






10089 


'Z& 










I 0109 




I -0481 


384-588 / 




1-0130 


180-900 


428 


r-0524 


4o3'4»8 


230 


10.53 


199-152 




1-0568 


421-478 , 



Specific Heat of Metals, etc. 



Antimony 
Bismulh 



Cymbal metal 
Gold .. 



' spongy 



00939 
0-0951 



0-0324 , 

00329 

0-0570 

0-1165 

0-0569 

00959 



Coal 

Cbarcool 
Cannelccke ■ ■ 
Coke of pii conl 
Anthracite . . 
Graphite, Daiural . . 
„ of blast furnaces j 



Glass . . 
Ice . . 
Phosphorus .. 
Soda . . 

Sulphate oflead 
of lime 
Sulphur 



00872 
0-1966 
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Specific Heat of Liquids. 



hoi 


0*6588 


Turpentine . . 


1 

1 0*4160 


ine 


0-3932 


Vinegar 


; 0*9200 


:ury 


00333 


Water at 32° F. 


I'OOOO 


s oil 


03096 


„ 212° F. . . 


1*0130 


huric acid 




„ 32°t0 2I2°F. 


1 1*0050 


snsity, 1*87 


0-3346 


Wood spirit . . 


■ 0*6009 


I '30 •• 


0*6614 


Proof spirit . . 


1 o*973 

i 



Specific Heat of Gases. 



For Equal Weights. (Water =1.) 



)onic acid (CO,) . . 

„ oxide (CO) . . 

rogen 

It carburetted hydrogen 

ogen 

gen 

m, saturated 
m gas . . 
thurous acid 



At Constant 
Pressure. 



02377 
0*2164 
0*2479 
3*4046 
0*5929 
0*2440 
02182 

0*4750 
0-1553 



At Constant 
Volume. 



0*1688 

0*1714 
0*1768 

2*4096 

0*4683 

0*1740 

0*1559 
0*3050 

0*3700 

0*1246 



British Thermal Unit, or Heat Unit. 

Qount of heat necessary to raise the temperature of 
of water 1° by the Fabr. scale when at 39'4° (temp, of 
density). Mech, eq. 778 ft.-lbs. 



French Calorie, English Equivalent. 

lit of heat used on the Continent with the metrical 
n. Amount of heat required to raise i kilo, of water 
gh 1° Cent B.T.U. X o'2S2 = calorie. Calories 
^68 = RT.U. 



I 
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REFRIGERATION AND ICE MAKING. 



Loss OF P&ESSURE BY FRICTION OF COMPRESSED AlR IN PIPES 

F, A. Halsey, 



u 

% 
1 

re 

• art 


Cubic feet of Free Air compressed to a Gauge Pressure of 6o lbs. per 
Square Inch and passing through the Pipe per Minute. 


50 


75 


100 


1 25 


150 


200 


250 


300 


400 


6c 


Loss of Pressure in Pounds per Square Inch for each 1,000 Feet of 


Q 


Straight Pipe. 




ins. 


lbs. 


lbs. 


lbs. 


lbs. 


Ibi. 


Ibi. 


lbs. 


lbs. 


lbs. 


lb 


I 


10*40 




















li 


2-63 


5*90 


















4 


1*22 


275 


4-89 


7-65 


11*00 








\ 




2 


•35 


•79 


1-41 


2*20 


3-17 


5-64 


878 








2i 


•H 


•32 


•57 


•90 


1*29 


2-30 


3-5« 


5-18 


9*20 




3 




•II 


•20 


•31 


•44 


'72 


1*23 


1-77 


3-14 


r 


l\ 








•15 


•21 


•3« 


•59 


•«5 


'*§^ 


V 


4 












•20 


•31 


•45 


•80 


V 


5 
6 














•10 


•IS 


•26 





Friction of Air in Tubes. — Unwitiy ** Min, Proceedings Inst, C 



a 



k =» coefl&cient of friction =» - + ^, a and h being constants. an( 



V 



V = velocity of air feet per second. 



Diameter of tube, ft. 
Value of a 

b . 

/&ifz;=ioo 



» 



ii 



1-64 
•00129 
•00483 
•00484 



ro7 
•00972 
•0064 
•0065 



•83 
•01525 

•00704 

•00719 



•338 
•03604 
•00941 
•00719 



•266 

•0379 
•00959 

•00997 



•i6 
•04 
•01 
•01 
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Coefficients for Efflux of Air from Orifices. 

(Molesworth). 



Vena contracta . . 


. 0*98 


Conical converging . . 
Cylindrical rounded at ends 
Cylindrical throughout . 
Thin plates 


. 0-9 
. o'9 
. 0-8 
. o'6 



Centrifugal Fans. — Molesworth, 

D = Diameter of fan. 

V = Velocity of tips of fan in feet per second. 

P = Pressure in lbs. per square inch. 

V= -v/P X 97300. 
97300 



Power Required for Fans. — Molesworth, 

P = Pressure of blast in lbs. per square inch. 

A = Area of the sum of the tuyeres in square inches. 

V = Velocity of tips of fan in feet per second. 
HP = Indicated horse-power required. 
HP = 0-000016 V* A P. 



Proportions of Fans. — Molesworth, 

Length of vanes = — • Width of vanes = — • 

4 4 

Diameter of inlet = — • Eccentncit^ oi i^ccv "=- — * 
Length of spindle journal = 4 d\ameX.ex^ ol^V^ti^^' 
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REFRIGERATION AND ICE-MAKING. 



Hydraulic Ram Proportions of the Supply Pipes ah 
Delivery Pipes to the NihiIBEr of Gallons.— (^offi"!.' 



Numbei of gallons to be 

rftised in 24 hours , . . | 
Diameter of fall or supply . 

pipe, in inches .... I 
Diameter of rising main or 

delivery pipe, in inches . i 



Efficiency of 


lYDRAtfLic Rams. 


-{Hutton 


) 






1 ran^nedi^lhiralK 4 
E(Ii™i,cyi«r«Bt. . . 7.S 


5 


G 

6i 


7 


B 

17 


9 


4> 


:; 


SS 


13 

'1 










- 


"i 



Power required to drive Centrifugal Pumps. 



Diameter of suction 

and delivery pipes 

in inchei. 


mioate, in gnllon. 


Harse^)ower 


J 


16 


001 




50 




3 


^ 


?3 


I 


300 


o-i6 


500 


0-25 


\ 


c 


0-3S 
0-40 




1,000 






a 


E 


07S 




2 


300 


I -08 




2 


500 






3 

3 


E 


\S. 


' 


4,aoo 


2-0 



Gallons of water raised per hour. 


WXl 








Soo 


j,ooo 






















16 


2H 






He^ht of lift for one donkey 














working on gin, in feet . . , 
HeiEht oflift fcrone horse work- 




102 


7a 


56 


45 


3b 


ing on M. in feet . . . . 
Hd^t of lift for one horse-power 


630 


357 


aS' 


196 


IS4 


ia6 




990 


561 


sg" 


30. 


242 


198 



Table giving Quantity 


OF Water discharged 


PER 


Minute by Barrel Tumps.— (ffu/fon.) 




Dnm. 


Length 


SWtarrtl. 


Double band. Treble 


bunl. 


pump. 




'^.JS." 


■'^tniln'7' 


'^r'fflin? 

en.. 


GaLL^ Galls. 


~GdL 






Galls. 


Gall^ 


li' 


9 


■1 


2* 




4* f 4i 


6i 




9 


3 




8 9 




n 


9 


4l 


6* 


9 


12 14 


19 


3 


9 


61 


9 


13 


iS za 


27 


3* 


9 


.3 


1^1 


IS 


25 28 


37 


4 


9 


16 


24 


3» ; 36 


4S 


4i 


9 


"5i 


20J 


32 


42 46 


fiz 


5 


9 


•9 


25* 


38 


so ' 57 


76 


5i 


9 


23i 3^ 


46* 


6z 1 69 


92 


6 


9 


27* 1 37 


^1 


73 82 








3* 1 4* 


9 . 10 


'3 


3| 




S* ' 7 




14 I 15 




3 




7* lo 


IS 




30 


3* 




loi ! 13I 

13* . 18 


" 


27 i 32 




4 






36 40 


54 


4i 




'7 23 


34 




68 


5 




12 1 aij 


V 


56 ' 63 


84 


Si 




25* , 34 


V. 


68 ; 77 




6 




30* 40 


82 1 9Z 




u 


Iz 


Ji 1 1 


8 


17 19 - 


16 
25 


3 




9. i « 




24 27 


36 


3i 




12* 16 


24 


33 


37 . 


50 






l6t I 23 


32 


43 


49 


"■S 


4I 




Ml 27 


4* 


Si 
97 


62 


82 


1' 


12 
12 


36* 1 49 


S 


76 


i 


6i 




t S 


114 


139 


"72 1 


1, 






"34 


149 


199 


9 




P ^' 

81 110 


114 


152 


"7' 


229 i 


la 


;.i 


'74 


^ 


362 


■" 1 


"/ 


S Is 


301 

3M 




\J 



DiAMEiERs, Areas, and Displaceuehts. 
JVorlhington Pumping Engitu Comfany. 



1 


s 


IP 


1 


^ 


||ll 


i 


1 11 


1 


< 


nil 


a 


<: 


lis 


5 




OIIZ 


■0005 


71 


4.-28 


r-783 


iS 


261-5 


11-197 


■0490 




A 


44-17 


■ -90K 


18 


268-g 


11-612 




■[icn 


■0047 


1\ 


47-17 


2-037 


18 


276-1 


:[-927 




■1963 


-00S4 


8 


50-26 


2-171 


'9 


283 -s 


12-2(7 




■30G8 




'\ 


53-45 


2-309 


'9 


29'-0 


■2-571 




■4417 


■0190 


4 


56-74 


2-451 


19 


2986 


12-900 




■60T3 


■0259 


81 


60-13 


2-597 


19 


306-3 


13-232 




■7854 


■0339 


5 


63-61 


2-747 




3'4-i 


i3-5!>9 




■0940 


■0429 


9 


67-20 


2-903 


20i 


330-0 


14-256 




J-2Z7 


■0530 


9 


70-88 


3-062 




346-3 


14-960 


if 


'■484 


■0641 


9 


74-66 


3-"5 


"i 


363-0 


K-6S1 


1-767 


■0763 




78-54 


3-393 




380-. 


16-420 


I ■073 


■o89<; 


1 


82-51 


3-564 


224 


397-6 


.7-176 




2-405 


■1038 


86-59 


3-740 


23 


41S-4 


i:-9JS 




i-;6i 


-1192 


90- 76 


3-920 


n\ 


435-7 


18-735 




3-141 


■1356 




95-03 


4-105 


24 


452-3 


19-539 




3-546 


■1531 




99-40 


4-294 


241 


471-4 


20-36+ 


»s 


3-976 


■1717 




3:j 


^?^ 


^5, 


490-8 




I 


4-430 


■■^■3 




4-682 


25^ 


510-7 


22-062 


4-908 






U3-0 


4-BE1 




S30-9 


22-935 


5-4" 






I17-8 


5-oBB 


\b\ 


551-5 


23-814 


3 


S-939 




IZ 


IZ2-7 


5-300 


27 


572-S 


24-732 


6-491 






127-6 


S-5'2 


27J 


593-9 


25-656 


3 


7-ooa 


-3053 


13 


132-7 


5-732 


28 


615-7 


26-59S 


3 
3 


7-609 


-3313 


n\ 


'37-8 


5-951 


2BJ 


637-9 


27-56! 


8-295 


-3583 


'3J 


■43- ■ 


6-1 Ml 


29 


660-5 


28-533 


3 


8946 


■3S64 


■3t 


148-4 


6;4io 


29i 


f£\ 


29-512 


3 


g-621 


•4156 


'4 


'S3'9 




30 


3'>-533 


3 


10-32 


■44S8 


Hi 


'59-4 




3^ 


754-8 


32607 


3 


1104 


■4769 


'4 


165-1 


7-132 


32 


804-2 


34-74' 


3 


■1-79 


■5'93 


>4l 


170-8 


7-388 


33 


85 -3 


36-949 


4 


,2-56 


■S426 


>S 


176-7 


7-633 


34 


90 -9 


39-221 


4* 


14-18 


■6.25 


■Si 


[82-6 


7-88S 


35 


96 -I 


41-562 


4 


15-90 


-6868 


'sf 


188-6 


8-147 


36 




:fs 


4 


11-7^ 


■76SS 


'51 


1 94; 8 


8-415 


37 


107S-2 


5 


19-63 


-8480 


16 




8-6S3 


38 


1134-1 


4S-993 


5 


2 ■■54 


-9348 


i6i 


207-3 


8-9S5 


39 


■ 194-& 


si-607 


S 


23-75 


1-026 


•i 


213-8 


9-236 


40 


1256-6 


54-259 


5 


2_S'96 




i6| 


2203 


9-5 16 


4' 


1320-3 


57-037 


6 


Z8-17 




'^ 


226-9 


9-So2 


42 


1385-4 


S9-!>49 




30-67 


1-325 


''i 


233-7 


10-095 


43 


1452-2 


ti 




33-'8 


1-433 


•'J 


240-5 


10-389 


44 


1520-5 




35-78 


■■545 


'r 


247-4 


10-687 


45 


1590-4 


68-688 


7 


3S-48 


l-6b2 




254-4 


lO-qrp 


46 


1661 '9 


7 '-794 



Iq estimating the capacity of Woithington (and other duplex) Pumpi 

(-/>., Ifie deliveiy in gallons per imwiU ot oer honr) at a givcQ rate of 

piston speed, itshouU be noted fi^l Vac^Wietino^si^db^ciias wito- 

iauitgeta: the capadty, thereCoie.w dooXite ftaitA »y) .orifaan totfe 

tXmg pump of same dze, or few ^ow« »\m»^ » a.m»*«,'»tttol^p^. 



Worthingtim Pumping Engine Company. 
The pressure of water in pounds per square inch for every foot in height 
to I/O ft. By this Table, from the pounds pressure per square inch the 
feet head is readily obtained, and -nice iierid. 
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t^ 
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Is' 


3 
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M 


u 


a 


|s 


1 


&l 


1 


h 


1 


i:g. 


1 


li 


s 


li 


1 
226 


is 


J 


Ztl 


46 


19-92 


9' 


39-')= 


■36 


58-91 


i8t 


7S-40 


97. 9t 




4; 


jo'35 


92 


39-85 


137 


59-34 


182 


78-84 


227 


98-33 


3 


1-30 


4« 


20-79 


93 


4o-2g 


'38 


59-77 


■83 


79-27 


228 


98-7£ 


4 




■19 




94 


40-72 


139 


60-21 


.84 


79-70 


22g 


99 -2C 


1 


2-16 


SO 


21-65 


^ 


4i-'5 


140 


60-64 


'f? 


8014 


230 


99-63 


2-59 


SI 


2i-og 


96 


41-58 


141 




1S6 


80-57 


23' 


100-ot 


I 


3-03 


52 


22-52 


97 


4201 


142 


6i-St 


JB7 




i32 


10O-4? 


3-46 


S3 


12-95 


98 


4^-45 


143 


61-94 


188 


^'1- 


233 


100-93 


9 


3-89 


54 


23-39 


99 


42-83 


14+ 


62-37 


189 




234 


ioi-3e 




4'33 


53 


23-Hz 




43'3i 


us 


62-8[ 


190 


82-30 


23S 


101 -7c 




4-76 


56 


24-26 




43- ?3 


146 


63-^4 


191 


82-73 


236 






5-so 


57 


24-69 




44- '8 


»47 


63-67 


192 


syn 


237 


loa-6t 


'3 


hi 


58 


2S-12 


'03 


44-61 


J48 


64-10 


193 


83-60 


238 


103-oc 


•4 


6-06 


59 


25-55 


104 


45-05 


149 


64-54 


154 


84-03 


239 


'03-5; 


li 


6-49 


60 


25-99 


los 


45-48 


ISO 


64-97 


'95 


84-47 


240 


i03-9( 


r-ii 


61 


26-42 


id6 


45-9" 


151 


im 


.96 


84-90 


241 


104-3; 




is3 


26-aS 


107 


4&-34 


152 


197 


85-33 


242 


104-8: 


18 


Tl') 


63 


27-29 


108 


46- J8 


'53 


66-27 




85-76 


^43 


105-2( 


'9 


S'2Z 


64 


27-72 


109 


47-21 


'54 


66-70 


199 


86-20 


■244 


105 ^l 




8-66 




28-15 




47-64 


'55 






86;63 


24s 


io6r 




909 


66 


28-S« 




48-08 


156 


67-57 






246 


106-5! 




9*53 


67 


29-02 




48-5' 


■57 


68-00 




87-so 


H7 




33 


9-9& 


6S 


29-4i 


"3 


48-94 


,58 


68-43 


203 


8;-93 


248 


107-4; 


24 


IO-39 


69 


29-88 


11+ 
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Dimensions, ei-c, of Standard Wrought-Iron Pipes. 
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Strength of Ice. 

Ice of a thickness of i-^ inch will support a man; 
4 inches in thickness will support cavalry; 5 inches in 
thickness will support an 84-pound cannon ; 10 inches in 
thickness will support a multitude ; 18 inches in thickness 
will support a railroad train. 
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Friction in Pipes. 
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The frictional loss is increased by bendg or inegularities in the pip«. 
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To CONVERT Degrees Centigrade or Reaumur into 

Degrees Fahrenheit, etc. 

Let F = degrees Fahrenheit ; C = degrees Centigrade ; 
and R = degrees Reaumur. 

F = -9-^- + 32 F = ?^ + 32. C=S(F:^) 

5 4 '^ 9 

R - 4(F - 32) 
9 

Useful Information. 

A gallon of water contains 231 cubic in., and weighs 
8J lbs. (U.S. standard). 

A cubic foot of water contains 6\ gallons, and weighs 
62^ lbs. 

The friction of liquids and vapours through pipes increases 
as the square of the velocity. 

Sensible heat of a liquid is the amount indicated by the 
thermometer when immersed in it. 

Specific heat is the amount of heat absorbed to produce 
sensible heat 

Latent heat is the amount of heat required for the con- 
version into vapour after a liquid has reached its boiling- 
point 

The latent heat of vapour is given off whilst condensing 
to a liquid ; the sensible heat is retained. 

One U.S. gallon = 0*133 cubic ft ; 0*83 imperial gallon ; 
3*8 litres. 

An imperial gallon contains 277*274 cubic in. ; o*i6 cubic 
ft. ; lo'oo lbs. ; 1*2 U.S. gallons ; 4*537 litres. 

A cubic inch of water = 0*03607 lb. ; o'oo36o7 imperial 
gallon ; 0*004329 U.S. gallon. 

A cubic foot of water = 6*25 imperial gallons ; 7*48 U.S. 
gallons; 28*375 litres; 0*0283 cubic metre; 62*35 lbs.; 
o'557 cwt ; 0*028 ton. 

A lb. of water = 27*72 cubic in. ; o*io imperial gallon • 
0*83 U.S. gallon ; 0*4537 kilo. 

One cwt of water = 11*2 imperial gallons; 13*44 U.J 
gallons; 1*8 cubic ft 
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A ton of water = 35*84. cubic ft.; 224 imperial gallons; 
298*8 U.S. gallons; 1,000 litres (about); i cubic metre 
(about). 

A litre of water = 0*22 imperial gallon; 0*264 U.S. gallon; 
61 cubic in. ; 0*0353 cubic ft. 

A cubic metre of water =220 imperial gallons ; 264 U.S. 
gallons ; i '308 cubic yard ; 61*028 cubic in. ; 35*31 cubic ft ^ 
1,000 kilos; I ton (nearly); 1,000 litres. 

A kilo of water = 2 '204 lbs. 

A vedros of water = 2*7 imperial gallons. 

An eimer of water =2*7 imperial gallons. 

A pood of water = 3*6 imperial gallons. 

A Russian fathom = 7 ft. 

One atmosphere = 1*054 kilos per square in. 

One ton of petroleum =275 imperial gallons (nearly) 5 
360 U.S. gallons (nearly). 

A column of water i ft. in height = 0*434 lb. pressure per 
square in, 

A column of water i metre in height = 1*43 lb. pressure 
per square in. 

One lb. pressure per square in. = 2*31 ft of water in 
height. 

One U.S. gallon of crude petroleum = 6*5 lbs. (about). 

According to Prof. Siebel, about ten B.T.U. of heat will 
pass through a square foot of ice i inch thick in one 
hour for every degree Fahrenheit difference between the 
temperatures on either side of the ice sheet. 

A cubic foot of ice weighs approximately 57*5 lbs. 

A cubic foot of water frozen at 32° makes j*o855 cubic ft 
of ice. 

One French horse-power = 75 kilogrammetres (542*533 
foot-pounds) per second. 

One force de cheval = 0*986337 horse-power. 

One horse-power = 1*01385 force de cheval. 

Indicated French horse-power = 3*49 D^PRS. 

D = dia. of cy. in metres, S = length of stroke in metres, 
R = number of revs, per minute, and P = average pressure 
on piston in kilogs. per square centimetre. 
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Fractions of an Inch and Decimal Equivalents. 
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Comparison of British Measures with U.S. 

United States Standard. British Standard. 

I gill = 0*833565 imperial gill. 
4 gills = I pint = 0-833565 „ pint. 
2 pints = I quart = 0-833565 „ quart. 
4 quarts = i gallon = 0*833565 „ gallon. 

An imperial gallon = 4*5435 litres = i '19968 U.S. 
standard gallons. 

An imperial gallon contains (Act of Parliament, 1878) 
10 lbs. of water at a temperature of 62° Fahr. Its accepted 
volume is 277*274 cubic in. 



Specific Gravities of Gases. 
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one atmosphere. 
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Information required by Manufacturers to enable 
them to estimate for the costof a refrigerating 
Plant. 

1. The length, breadth, and height of the cellars, rooms, 
or stores to be refrigerated. If the ceiling or roof is vaulted, 
the height to the centre and spring of the arch will be 
required. Full particulars of tihe means of insulation 
adopted^ or, if none exist, of the materials from which the 
chambers are built. 

2. Whether it is desired to refrigerate on the direct 
expansion, on the brine circulation, or on the cold-air 
system. 

3. The temperatiure desired to be maintained in each 
chamber or store. 

4. The nature of the substance which it is desired to 
refrigerate. 

5. In the case of a packing-house, or an abattoir, the 
largest number of carcases to be cooled daily, and their 
average weight 

6. In the case of a freezing chamber for beef, mutton, 
or other produce, the number of carcases, etc., to be 
frozen in each 24 hours, and their average weight 

7. When a liquid is to be cooled, the number of gallons, 
or barrels, to be dealt with per hour, and from what tem- 
perature down. 

8. The nature, quantity, and temperature of the water 
supply available for use. 

9. Rough dimensioned plan of the establishment, show- 
ing the most convenient spot to locate the refrigerating 
machine. 

Information required by Manufacturers to enable 

THEM to estimate FOR THE CoST OF AN ICE-MAKING 

Plant. 

1. Number of tons of ice that it is desired to produce per 
24 hours. 

2, If dear, crystal, transparent ice is required, or whether 
opaque ice will do for the purpose. 

3. The nature, quantity, and tem^ex^Vax^ o!^ ^^ ^n^tjj^^ 
'^r procurable for use. 
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4« Whether there is an available source of steam supply 
on the premises ; and if spare steam-power, then how many 
torse-powers could be utilised. 

5. When the installation is to be erected in existing 
l)uildings, a rough dimensioned plan of same. 

6. Where an estimate of cost of making ice is required, 
price and quality of fuel ; wages of engine-drivers, stokers, 
and common labourers, for 12 hours day work, and for 12 
hours night work ; if water has to be bought, cost of same. 

Various Horse-powers in Use. 
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75*361 
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0-990 
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0-990 
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0-986 
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75-240 
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Expansion in Steam Pipes. 

The expansion and contraction of steam pipes is about 
I inch in 50 feet by reason of temperature variations. This 
expansion and contraction may be provided for in the case 
of long lengths of pipe between fixed abutments, by spring 
bends' or lengths, or by expansion sockets. In the latter 
case, guard bolts should be fitted to prevent the pipes from 
being drawn out of the sockets. 



Works by i. J. Wallis-Tayler, ilUnsLCl . 

REFRIGERATION, COLD STORAGE, AND ICE- j 

MAKING. A Practical Treatise on the Art and Science of ; 
Refrigeration. Medium 8vo, 6ii pages, 361 illustrations, doth, 
15s. fiet, 

REFRIGERATING AND ICE-MAKING MACHINERY. 

A Descriptive Treatise for the use of Persons employing Re- 
frigerating and Ice-making Installations, and others. Third , 
Edition. Revised and Enlarged. Crown 8vo, 320 pages, 105 
illustrations, 7s. 6d., cloth. 

POCKET-BOOK OF REFRIGERATION AND ICE- 
MAKING. Small crown 8vo, cloth, 184 pages, 31 illustrations, 
3s. 6d. net^ 

TEA MACHINERY AND TEA FACTORIES. A 

Descriptive Treatise on the Mechanical Appliances required in the , 
Cultivation of the Tea Plant and the Preparation of Tea for the J 
Market. Medium 8vo, 468 pages, with 218 illustrations, cloth, 
25s. net, 

AERIAL OR WIRE-ROPE TRAMWAYS: their Con- 
struction and Management. Crown 8vo, 224 pages, with 81 
illustrations, 7s. 6d., cloth. 

MODERN CYCLES. A Practical Handbook on their 
Construction and Repair. Crown 8vo, 356 pages, with 304 
illustrations, los. 6d., cloth. 

MOTOR-CARS, OR POWER-CARRIAGES FOR COM- 

MON ROADS. Crown 8vo, about 200 pages, 70 illustrations, 
4s. 6d., cloth. 

London : CROSBY LOCKWOOD & SON, Stationers* Hall Court, E.C. 



SUGAR MACHINERY. A Descriptive Treatise devoted to 

the Machinery and Apparatus used in the Manu&cture of Cane and 
Beet Sugars. Crown 8vo, 314 pages, 52 illustrations. Price 5s., 
cloth. 

BEARINGS AND LUBRICATIONS. A Handbook for 

every user of Machinery. Crown 8vo, 220 pages, 78 illustrations. 
Price 5s. 6d., cloth. 

London: Wu. RIDER & SON, lAd., i^V, ^^^««s^^^«'™J^ ^^«fc%^^' 
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INDEX. 



ABSORPTION machines, 2-11 
Air co-efficients for efflux of, 
from orifices, 163 
Air condensers, open, 33 
Air, compressed, loss of pressure by 

friction of, in pipes, 162 
Air, determination of moisture in, 



75. 76 
lIIc 



Allowance per ton capacity to be 
made when selecting machinery 
for refrigerating purposes, 33 
Ammonia and carbonic acid ma- 
chines, comparative tests of, 22 

anhydrous, boiling point and 
latent heat of, 36, 37 

apparatus, leaks in, 145 

compression machines, manage- 
ment of, 141 -144 

compression plant, efficiency of, 
imder different conditions, 61 

gas, cubic feet of, per minute to 
produce one ton of refrigera- 
tion per day, 75 

gas, refrigerating effect of one 
cubic foot at different con- 
densing and suction (back) 
pressures in B.T. units, 59 

gas, saturated, properties of; 44 

gas, temperatures to which 
raised by compression, 41-44 

gas, volume of, one pound at 
various pressures and tem- 
peratures, 45*47 

gas, volume of, at high tempe- 
ratures, 48 



Ammonia, saturated,],Wood's table 
of, 49.58 
solubility of, in water at differ- 
ent temperatures, 38-40, 143 
solubility of, in water at different 
temperatures and pressures, 39 
solutions, yield of anhydrous 

ammonia from, 41 
useful efficiency of, 50 
Amount of refrigerating pipes 
necessary for chilling storing 
and freezing chambers, 69-72 
refrigerating required in cold 
storage, 69-72 
Analyser, The, 43, 44 
Anhydrous ammonia, boiling point 
and latent heat of, 36, 37 
ammonia, yield of, from am- 
monia solutions, 41 
Apparatus, ammonia, leaks in, 145 

refrigerating, 2-1 1 
Application of the entropy or theta- 
phi diagram to refrigerating ma- 
chines, 11-20 
Approximate allowance per ton 
capacity when selecting machine 
for refrigerating purposes, 33 
Aqueous vapour m air, table of, 78 

vapour, tension of, IJ2 
Areas, diameters and displacements, 

167 
Argentine Republic, mean tempera- 
tures and extremes for the year, 

88,89 
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BARREL pumps, quantity of 
water discharged by, per 
minute, 165 
Boiling point, latent heat, etc., of 
anhydrous ammonia, 36, 37 
point of licjuids available for 
use in refrigerating machines, 

35 
Box or tank, freezmg, 104, 105 

Breweries, estimate of refrigeration 
in, 70, 72 

Brine circulation, loss of efficiency 
with, 23 

Brine for use in refrigerating and ice- 
making plants, 105, 106 

British measures, comparison of, 
with U.S. standards, 173 

British thermal unit, 161 

Butter freezing rates, 98 



CALCIUM chloride, solutions of, 
106, 107 
Calorie, 161 

Can ice, freezing times for different 
temperatures and thicknesses of, 
III 
Cans, ice, time required for water to 

freeze in, 1 1 1 
Capacities of ice-making plants, loi 

refrigerating, 73 
Capacity, etc., of refrigerating 
machine, variations in, 74 

of compressor in cubic inches, 

27-30 
of refrigerating machines, 25, 26 
Carbonic acid and ammonia ma- 
chines, comparative tests of, 23 
acid gas, saturated, properties 

of, 62 
acid machines, leaks in, 145-147 
Cascade system of producing very 

low temperatures, 23 
Ceilings for cold stores and ice- 
houses, 133, 134 
Centrifugal fans, 163 
Centrifugal pumps, power teqmied 
to diive, 164 
Chemical or liquefaction process, 2, 



ties of solu- ^ 
ties of solu- I 



Chloride of calcium, solutions of, 
106, 107 
of csucium, properties of solu- 
tion of, 107, 108 
of sodium, properties 
tion of, 108 
Cities of the world, mean tempera- 

tm-es of principal, 85-87 
Co-efficients for efflux of air from 

orifices, 163 
Cold-air machines, j, 6 

air machines, formula for cal- 
culating amount of air de- 
livered by, 67 
air machines, results of test 

experiments with, 22 
storage, 68-99 

storage, amount of refrigerating 
pipes necessary for diilling 
storage and freezing cham- 
bers, 69 
storage and freezing rates, terms 

of payment of, 99 
storage charges, England, 90, 91 i 
storage charges, France, 99 
storage charges. United States, 

91-95 
storage of various articles, tem- 
peratures adapted for, 80-84 
stores, divisional partitions for, 

130* 131 
stores, floors for, 131 -133 

stores, lighting, 149, 150 

stores, walls for, 127-130 

Combustion of various fuels, heat of, 

159 
Common salt, see Chloride of sodium 

' Comparative efficiency of various 
refrigerating machines, 20 

tests as to efficiency of ammonia 
and carbonic acid machines, 
23 

Comparison between scales of Cen- 
tigrade and Fahrenheit thermo- 
meters, 170 
of British measures with U.S. 

standards, 173 
o^ N'Axvous hydrometer scales, 
\ \cy^, wo 
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Compressed air, loss of pressure by 

friction of, in pipes, 162 
Compression machines, 9- 11 

machines, management of am* 

monia, 141 -144 
plant, efficiency of, under differ- 
ent conditions, 61 
temperatures to which ammonia 
gas is raised by, 41-43 
Compressor, capacity in cubic 
inches, 27-30 

mean pressure of, 31 
diagram, interpretation of, 137- 

141 
capacities, relative, 23 
Condensers, 33 

Conditions of deposit alid regula- 
tions, cold storage, 91 
Constant of gases, physical, 1J3 
Convert degrees, Centigrade or 
Reaumur, into Fahre^eit, to, 
171 
Cooler, fore, 38 
Cooling wort, experiments in, 151 

power, effective, 21-23 
Cork, see Insulation 
Correct relative humidity in egg- 
rooms, 99 
Cubic feet of ammonia gas per 
minute to produce one ton of 
refrigeration per day, 75 

feet of gas that must be pumped 
per minute, at different con- 
denser and suction pressures, 
to produce one ton of refrige- 
ration in 24 hours, 32 
Cubic feet of space per running foot 
of 2-incn pipe, 70 
feet covered by one foot of i- 
inch iron pipe, 71 
Curves, efficiency, of perfect re- 
frigerating machine, 64 



DAILY report, suggested form of 
engineer's, 148 
Decimal equivalents of fractions of 

an inch. 173 
Deep wells, power required to raise 
water from, i6$ 






Degrees, Centigrade or Reaumur, to 
convert into Fahrenheit, 171 

Deposit and regulations, cold stor- 
age conditions, 91 

Diagram, compressor, interpretation 
of, 137-141 

Diameters, areas and displacements, 
166 

Dimensions of ice-making tanks, 102 
of standard wrought-iron pipes, 
168 

Displacements, see Diameters, areas, 
etc. 

Divisional partitions for cold stores. 

Door insulation, 134 
Double pipe condenser, 34 



EFFECTIVE cooling power 
obtainable from expenditure of 
one pound of steam in theoreti- 
cally perfect machines, 22 
Efficiency, comparative, of various 
refrigerating machines, 22 
of ammonia, useful, 60 
of ammonia, compression plant, 
under different conditions, 61 
Efficiency curves of perfect refrigera- 
ting machine, 04 
Efficiency of ether machines, 66, 67 

of hydraulic ram, 164 
Efflux of air from orifices, co- 
efficients of, 163 
Egg freezing rates, 98 

rooms, correct relative humi- 
dity in, 79 
Engineer's daily report, suggested 

form of, 148 

Entropy or theta-phi diagram, 

application of, to refrigerating 

machines, 11 -20 

Ether machines, efficiency of, 66, 67 

properties of saturated vapour 

pf, 65 
Evaporation of liquids, 34 
Expansion in steam pipes, 175 i 
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FANS, centrifugal, 163 
power reqiiired for, 163 
proportions of, 163 
Fish, freezing rates for, 97, 98 
FJooring for cold stores, 131 -133 

for ice houses, 133 
Fore cooler, 38 
Form of engineer's daily report, 

suggested, 148 
Formula for ascertaining units of 
refrigeration required to carry off 
heat radiated through walls, etc., 

125 
rormula for calculating amount of 

air delivered per hour by cold- 
air machines, 67 
Fractions of an mch and decimal 

ecjuivalents, 173 
Freezing mixtures, 4, 5 
Freezing rates for butter, 98 
rates for eggs, 98 
rates for fish and meats, 97, 

98 

rates for poultry, game, fish, 

meats, etc., 96-99 
rates, summer, 97 
tank or box, 104, 105 
Friction in pipes, 169 

of compressed air in pipes, loss 

of pressure by, 162 
of air in tubes, 162 

GAME, rate for freezing in un- 
broken packages, 96, 97 
Gases, physical constant of, 153 
specific gravities of, 35, 173 
specific heat of, 161 
General tables and memoranda, 

151175 
Gravities, specific, and percentages 

of ammonia, 35 

HEAT, mechanical theory of, 1-3 
of combustion of various fuels, 

159 
specific, of gases, 161 

specific, of liquids, 161 

specific, of metals, 160 

specific, of water at various 

temperatures, 160 



Horse-powers, various, 172, 175 
Humidity of air, relative, 77 
Hydraulic ram, efficiency of, 164 
ram, proportions of the supj>lj 
pipes and delivery pipes to 
the number of gallons, 164 
Hydrometer scales, comparison of 

various, 109, no 
Hydrometers, 78 



ICE-houses, ceilings for, 1331 134 
houses, flooring for, 133 
making, loo-iii 
making and storing ice, 100 114 
making plants, brine for use in, 

105, 106 
making plant, information re- 
quired to estimate for, 174, 

175 
making plants, sizes and capa- 

cities of, loi 
making tanks, dimensions of, 102 
storing, 111-114 
strength of, 168 
Inch, decimal equivalents of frac- 

tionsof, 173 
Information required to estimate for 
cost of ice-making plant, 174, 175 
Information required to estimate for 
cost of refrigerating plant, 174 
useful, 171, 172 
Insulation, 1 15-135 
door, 134 
tank, 135 
window, 134 
Interpretation of compressor dia- 
gram, 137-141 



LATENT heat, boiling point, etc., 
of anhydrous ammonia, 36, 37 
Leaks in ammonia apparatus, 145 
in carbonic acid machines, 145- 

147 
Lighting cold stores, 149, 150 
LivneaX fee.\. o^ \-vach. ^ipe required 
pel c\]^>\c ioo\. cil <y^^ ^Vat!^*^ 
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>n process, chemical or, 

siver, 60 
'aporation of, 34 
c neat of, 161 
tnonia, strength of, 40 
ciency with brine circula- 

74 
jssure by friction of com- 

lir in pipes, 162 

»eratures, production of, 

1 of refrigerating machi- 
1 



NERY, refrigerating, lu- 

ion of, 147 

absorption, 7-9 

ic acid, 145-147 

r, 5»6 

»sion, 8- 1 1 

n ammonia, 145 

Q, 6, 7 

at of ammonia compres- 

hines, 141-144 

gerating machinery, 136- 

«rs, information required 
able them to estimate for 
Df an ice plant, 174, 175 
ers to estimate for the 
jfrlgerating plant, 174 
ure of compressor, 31 
atures of principal cities 
.e world, 85-87 
atures and extremes of 
year, Argentine Re- 
ic, 88, 89 

zing, rates for, 97, 98 
theory of heat, 1-3 
I, genera! tables and, 151- 

cific heat of, 160 

ter, rule for ascertaining 

; 103 

ible oi freezings 4, 5 

air, determination of. 



NON-conductive values of various 
substances, results of tests as to, 
1 16-125 
Number of cubic feet covered by 
one foot of i-inch pipe, 71 
covered by one ton, refrigerat- 
ing capacity for 24 hours, 

71 
of cubic feet of gas that must 

be pumped per minute, at 
different condenser and suc- 
tion pressures, to produce one 
ton of refrigeration in 24 
hours, 32 







PEN- AIR condensers, 33 
Orifices, co-efficients for efflux 
of air from, 163 



PARTITIONS for cold stores, 
divisional, 130, 131 
Pa3m[ient of cold storage and freez- 
ing rates, terms of, 99 
Percentages, handy rule, 159 

of ammonia, see Specific gravities 
and percentages 
Physical constant of gases, 153 
Pictet's liquid, 67 
Pipes, friction of water in, 169 

loss of pressure by friction of 
compressed air in, 162 
Poultry, game, etc., rates for freez- 
ing in unbroken packages, 96, 97 
storing unfrozen, 97 
Power required for fans, 163 

required to drive centrifugal 

pumps, 164 
required to raise water fix)m 
deep wells, 165 
Pressure and boiling point of liquids 
available for use in refrigerating 
apoaratus, 35 
loss of, by friction of compressed 

air in pipes, 162 
of compressor, mean, 31 
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V'T'Az,','.yjz, ry. Terr Lott Zjt'x.z^n- 
\~:z*^. 24,. 2Z 

(.2 

ProjX/r.l'-r.'roffini, 165 

Psychro:f.**.*rrt, 76 

Pi;:f.:/t, ioarrel, qoantiiy o: waicr 

'ii vcL'irjj^ per minute by, 165 
i^ure wat';r, 103 



QL'ALIllES of prindpal liquids 
employed in remgeration, 1 1 
Quantity of water discharged per 
minute from barrel pump.s, 165 



Ktsi^asLizr.g nudiixies, variations 
- ca^aiirT of; 74 

zjcz. zzIynB2X3on leqiiiied to 
fsrfTTVf for, 174 
Re Vi^eradca in general, 2-1 1 
Re-zeneradre process or self-inten- 
sive refrigcradon, 23-25 
RcLirive hsmiditY of air per cent., 77 
kimiiditY in egg-rooms, correct, 

79 
Rent of rooms, 9S 

Report, suggested form of engineer's 

<£aily, 14^ 

Results of test experiments with 

cold-air machines, 22 

of tests to determine the non- 

conductive values of different 

materials, 1 16-127 

Rooms, rent of cold storage, 98 

Rough estimate of refrigeration in 

breweries, 73 



RADIATION through walls, 
etc., 125, 126 
Kam, see llvdraulic ram 
Kates for freezing poultrj', game, 

etc., 96-99 ' 

Ratir> of pressure of sulphurous 
acid, ammonia, and carbonic acid, 
21 
Kcugents, testing by, 104 
Receiver, liquid, 60 
Refrigerating apparatus, 2-1 1 

and icc-maKmg plants, brine for 

use in, 105, 106 
capacities, 72 

capacity in B.T.U. required, per 
cubic foot of storage room, 
in 24 hours, 72 
en"cct of one cubic foot of am- 
monia gas at different con- 
denser and suction (back) 
pR'ssures in B.T. units, 89 
nmchincry, lubrication of, 147 
Miachinery, testing and manage- 
ment of, 136, 137 
machines, capacity of, 25, 26 
mnchincHf comparative efficiency 
<tf, 22 



SALT, common, see Chloride of 
sodium 
Saturated ammonia gas, properties 

ammonia^ Wood's table of, 

I 49-58 

I carbonic acid gas, properties of, 

62 

steam, properties of 154-158 

sulphur dioxide gas, 63 

vapour of ether, properties of, 

Scales of Centigrade and Fahrenheit 

thermometers, comparison of, 170 

Self-intensive refrigeration, 23- 

Sizes and capacities of ice-making 

plants, loi 
Slag-wool, see Insulation 
Sodium, properties of solution of 

chloride of, 108 
Solubility of ammonia in water at 
different temperatures, 38-40 
of ammonia in water at different 
temperatures and pressures, 
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►lutions of chloride of calcium, 96, 

of chloride of calcium, pro- 
perties of, 107, 108 
of chloride of sodium, properties 
of, 108 
>ecific gravities and percentages of 
simmonia, 35 

>ecific gravities of gases, 35, 173 
.:>€cific heat and composition of 
victuals, 79 

heat of gases, 161 
heat of liquids, 161 
heat of metals, etc., 160 
heat of water at various tem- 
peratures, 160 
tandard wrought-iron pipes, dimen- 
sions of, 1 68 

team pipes, expansion in, 175 
iteam saturated, properties of, 154, 

158 

torage charges, cold, England, 90, 

charges, cold. United States, 

92-95 
cold, 68-99 
Itores cold, ceilings for, 133, 134 
cold, divisional partitions for, 

cold, flooring for, 131-133 
cold, walls for, 127-130 

Storing ice, 111-114 

unfrozen poultry, etc., 97 

Strength of ice, 168 

Strength of liquor ammonia, 40 

Jubmerged condensers, 33 

Suggested form of engineer's daily 
report, 148 

>ulphur dioxide, useful efficiency of, 

64 

Jummer freezing rates, 97 



rABLES and memoranda, gene- 
ral, 151-175 
Tank insulation, 135 
Tank or box, freezing, 104, 105 
Temperatures adopted for the cold 
storage of various articles, 80-84 
mean, of principal cities in the 
world, 85-87 



Temperatures, mean and extremes 
of year, Argentine Republic, 
88,89 
to which ammonia gas is raised 
by compression, 41-43 

Tension of aqueous vapour, 152 

Terms of payment of cold storage 
and freezing rates, 99 

Testing, 136, 137 

Testing and management of refrige- 
rating machinery, 136-148 

Testing by reagents, 104 

Tests of ammonia and carbonic acid 
machines, comparative, 23 

Tests to determine the non-conduc- 
tive values of various substances, 
116-127 

Theory of heat, mechanical, i, 3 

Thermometers, comparison between 
scales of Centigrade and Fahren- 
heit, 170 

Theta-phi diagram, application of, 
to refrigerating machines, 11-20 

Time required for water to freeze in 
ice cans, in 

Transmission of heat through insula- 
ting structures, 115, 126 

Tubes, friction of air m, 162 



UNFROZEN poultry, etc. 
storing, 97 
United States Standards, compari- 
son of British measures with, 173 
Units of heat, 161 
Units of refrigeration to carry oflf 

radiation through wall, 125 
Useful efficiency of ammonia, 60 
efficiency of sulphur dioxide, 64 
information, 171, 172 



VACUUM machines, 7, 8 
Vapour, aqueous, in air, 78 
Vapour, aqueous, tension of, 152 
of ether, properties of saturatec 

65 
Variation in capacity of refrigeratin 
machine, 74 
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Various articles, temperatures 

adapted for cold storage of, 80-84 

fuels, heat of combustion of, 159 

hydrometer scales, comparison 

of, 109 

Very low temperatures, production 

of, 23-25 
Victuals, specific heat and composi- 
tion of, 79 
Volume of ammonia gas at high 
temperatures, 48 
of one poimd of ammonia gas 
at various pressures and tem- 
peratures, 45-48 



WALLS for cold stores, 127-130 
radiation through, 1 25, 126 
Water, friction of, in pipes, 16^ 
Water, mineral, rule for ascertaining 
quality of, 103, 104 



Water power required to raise fh>m 
deep wells, 165 
pressure of, 167 
pure, 103 
quantity discharged per minute 

by barrel pumps, 165 
solubility of ammonia in, 38-40, 

143 
specinc heat of at various tem- 
peratures, 160 
time required for, to freeze in 
ice cans, 1 1 1 
Window insulation, 135 
Wood's table of saturated ammonia 

gas, 49-58 
Wort cooling, experiments in, 151 
Wrought-iron pipe, dimensions, 
etc., of, 168 



YIELD of anhydrous ammonia 
from ammonia solutions, 41 
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